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FOREWORD

The Environmenta Studies and Testing Project, N1-89-2, was initiated to assist the shipyard
community to comply with environmental regulations. The objective of the project was to provide
avehicle for the selection, definition, performance and analyses of certain physical testing and
studies to support environmental considerations of shipyard work toward ultimate compliance with
environmental regulations.

This study ‘Historical Overview Of Efforts to Reduce VOC Emissions through Coating
Reformulations' is being performed as sub-task 2 to the National Shipbuilding Research Program
Project N1-89-2 within the purview of the SNAME SPC Panel SP-1 Ad Hoc Committee for
Environmental Studies and Testing. The objective of the study is to demonstrate that the
shipbuilding industry’s and coating manufacturer’s have voluntarily participated in efforts to reduce
marine coating VOC contents.

In 1990 the United States Congress passed an amendment to the Clean Air Act. The amendment
required Environmental Protection Agency to develop further control strategies for industrial
emission sources. In 1993 EPA developed and released draft control technique guideline and
national emission standard of hazardous air pollutant documents for the shipbuilding and repair
industry. The scope of this study was expanded to review the relationship between the volatile
organic compound content and the hazardous air pollutant content in marine coatings.

This project was written and prepared by Mr. Dan Buell who served as Project Manager and Mr.

Willie M. Gaters who served as Project Engineer. Mr. Zack Jacobs also served as Project Engineer

and provided technical assistance. This project has been peformed in conjunction with National
Steel and Shipbuilding Company (NASSCO) who has ultimate responsibility for technical direction
and publication of the final report.



EXECUTIVE SUMMARY

In 1990 the United States (U.S.) Congress adopted amendments to the Clean Air Act (1990 CAAA).
The 1990 CAAA requires further control of volatile organic compound (VOC) and controls on
hazardous air pollutant (HAP) emissions from air pollution sources. This report addresses a
historical VOC overview of the U.S. shipbuilding and repair industry and coating manufacturers' role
in reducing environmental impact of marine coating operations. These reductions came about

because of improvements in marine coating technology.

In addition to requiring more control of VOC emissions, the 1990 CAAA requires U.S.
Environmental Protection Agency (EPA) to develop a program to control hazardous air pollutant
(HAP) emissions from shipyards. In mid 1994, EPA released a draftt NESHAP document for marine
coating operations for comment. This document mirrors the requirements of the draft control
technique guideline (CTG) document released in mid 1993 and later released as an aternative
control technique (ACT) document for marine coating operations in mid 1994. The ACT controls
VOC emissions from marine coating operations by limiting VOC content of coatings. The draft
NESHAP also proposes to control HAP emissions from marine coating operations by limiting VOC

content of coatings.

Historical California shipyard coating usage data was evaluated for this study. The historical data
show that the four major-use coating categories used in marine coating operations alkyd, antioulant
epoxy and inorganic zinc have been historically used at low volatile organic compound (VOC)
content levels. This continua use of low VOC content coatings was achieved through advances in
coating technology. The advances can be attributed to coating reformulations initiated by the
shipbuilding industry and coating manufacturers and at times with input from regulatory agencies.
There has been no previous documentation of efforts made by the shipbuilding industry and coating

manufacturers to use environmentally friendly coatings.



To address the potential impact of the draft NESHAP, the scope of this project was expanded to
identify the relationship between VOC and HAP content in solvent based marine coatings. The data
shows that VOC and HAP contents levels in marine coatings are related. The general relationships
among the four (4) identified major-use coating categories are; an increase or decrease in VOC
content can result in either an increase or decrease HAP content, VOC content can be equal to or
greater than the HAP constituents, as coating VOC content decreases the gap between VOC and
HAP content may narrow until the VOC and HAP content equal.
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1.0 INTRODUCTION

Title 11 of the Clean Air Act Amendment of 1990 (CAAA) establishes aregulatory program to
control VOC and HAP emissions from industrial sources. VOC react with oxides of nitrogen (NOx)

in a photochemical reaction to produce ozone or what’'s commonl y known as smog. Smog affects

the health and welfare of various individualsin the public. Thus far, EPA hasidentified and listed

189 pollutants as HAP. HAP have been determined to potentially pose increased cancer risk to

individuals in the public.

In mid 1993 EPA released draft CTG and draft NESHAP documents identifying VOC and HAP
emissions and potential controls for shipyard marine coating operations. The documents focused
specifically on controls for marine coating operations within the shipyard. In mid 1994 EPA
released an ACT document instead of the finad CTG. The NESHAP document is now under a public
comment period. From the ACT and draft NESHAP, control on both VOC and HAP emissions from
shipyard marine coating operations will focus on limiting marine coating VOC content.

In an effort to addressthe CAAA’ S new emphasis on air toxics, this report also attempts to identify
the relationship between VOC and HAP contents in marine coatings. This marine coating historical
VOC review and VOC content vs. HAP content evaluation will address the regulatory environment
asit relates to California since it has one of the most stringent air pollution laws in the U.S.

Over the past 20 years, because of a cooperative effort between the shipbuilding industry and coating
manufacturers, solvent based marine coating technology has advanced while maintaining a
consistently low VOC content. This was accomplished through continual reformulations to improve
coating peformance and reduce environmental impact. During the late 1980s air pollution laws
were promulgated in California to control VOC emissions from marine coating operations. The laws
were generally mirrored after existing and proven marine coating technology. The technology
forcing regulations have been costly and cumbersome to meet in California. These stringent
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regulations are not only onerous in nature from a shipyard production standpoint but also a marine
coating reformulation technology standpoint. These limits have come to be known as the “1994

Cdifornialimits.”

Marine coating technological advances have not come without asignificant price tag. It is extremely
difficult to derive the exact price of the above efforts, but the cumulative industry cost isin the

“millions of dollars.” Marine coating manufacturers have confirmed that the cost to their companies
to stay abreast of proposed marine coating regulations is between “a quarter and halfa million

dollarsa year. ” The cost incurred by coating manufacturers are in turn passed onto shipyard

costumers, namely U.S. Navy and commercial ship owners. This added cost of doing businessis
in turn likely contributing to decreased international competitiveness and increased operating costs

for the shipbuilding industry. This report will illustrate the effort between the shipbuilding industry

and coating manufacturers to improve coating performance to reduce environmental, health and

safety and production impacts through continua coating reformulation.
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2.0 VOC AND HAP AIR REGULATION

In the early 1970s the U.S. EPA developed National Ambient Air Quality Standards (NAAQS) for
air pollutants. Through state implementation plans, states are required to meet these NAAQS. NOX
and ozone are two air pollutants with established NAAQS'. Nitrogen Oxide or nitrogen dioxide
(NOx) emissions are released from high temperature combustion processes. In the shipyard, the
major source of NOX emissions are from fuel burning equipment such as boilers and internal
combustion engines. Ozone (smog) is formed as a secondary pollutant through a photochemical
reaction between NOX and VOC. In a shipyard, VOC emissions are generated from marine coating
operations.

Historically, California has been in the forefront of developing environmental laws and regulations.
This is most apparent in the area of air pollution control. In the early 1950s the first local agency
was established in Los Angeles to protect citizens and properties from air pollution emissions. Soon
after, a state agency was formed to control air pollution emissions from stationary sources.
Eventualy, in the early 1960s these agencies merged into the California Air Resources Board
(CARB) to form a more comprehensive air pollution control program.

Because of California's significantly degraded air quality, the state adopted air quality standards
more stringent than the federal NAAQS. In 1988 the state adopted the California Clean Air Act
(CCAA). The CARB oversees control of all mobile sources emissions and has delegated authority
to local air quality districts (Districts) to control stationary source emissions, which include
emissions from shipyard operations.



21 FEDERAL REGULATIONS

In 1970 the U.S. Congress enacted the Clean Air Act (CAA). The objective of this
regulation was to reduce the degradation of the nations air quality. In 1990 Congress
amended the CAA.to strengthen regulatory reguirements for controls of criteria pollutants
such as VOC from stationary sources. The 1990 CAA amendment also identified alist of
HAP (Appendix A: EPA HAP List). Shipyard marine coating operations area source of
VOC and HAP emissions.

2.1.1 VOC REGULATIONS

The 1990 CAA amendment further required industrial sources to reduce VOC

emissions. In mid 1993 EPA released a draft control technique guideline (CTG)

document to control VOC emissions from marine coating operations. The draft
CTG was later released in mid 1994 as an Alternative Control Technique (ACT)

document without public comment. The major difference between a CTG and an

ACT isthat states do not have to adopt the ACT requirements. The U.S. EPA

covered different approachesto reducing VOC emissions in the ACT. One approach

discusses reducing VOC content of marine coatings. The 1994 CaliforniaVVOC or
best available retrofit control technology (BARCT) isastandard also required in the
federal, state and local Californiaregulations. In most instances the majority of
coatings that comply with these limits have not been used in actual ship production
settings and are therefore unproven in the shipbuilding industry. The BARCT
standards will contribute to placing U.S. shipyards at a competitive disadvantage
with international shipbuilders.
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2.1.2 HAP REGULATIONS

Title I11 of the 1990 CAA amendment also aims to reduce emission of 189 chemicals
identified as hazardous pollutants (HAP) from industrial sources (Appendix A EPA
HAP List). The 1990 CAA amendment requires U.S. EPA to develop national
emission standards for each of the listed hazardous air pollutants. In mid 1994 U.S.
EPA released a draft NESHAP document for marine coating operations. An
approach the U.S. EPA is evaluating is to cortrol HAP through control of coating
VOC limits.

2.2  STATE AND LOCAL REGULATIONS IN CALIFORNIA

In 1966 South Coast Air Quality Management District (SCAQMD) adopted Rule 66 to
reduce hydrocarbon or VOC emissions from stationary sources. VOC emissions contribute
to smog formation. Smog has a negative effect on the health and welfare of the general
public. In the late 1960s the Bay Area Air Quality Management District (BAAQMD)
adopted Rule 4 to reduce hydrocarbon emissions from stationary sources. In the early 1970s
the San Diego County Air Pollution Control District (SDAPCD) followed suit and adopted
their version of Rule 66. All the early VOC rules limited the photochemically reactive
compound (PRC) content in marine coatings.

In the late 1980's CARB adopted the California Clean Air Act. The Cdifornia CAA was
amended in 1992. The objective of the Caliiornia CAA was to improve the states air quality.
In the late 1980's CARB released a draft suggested control measure (SCM) for marine
coating operations for comments. The SCM was |ater released as a reasonably available
control technology and best available retrofit control technology (RACT/BARCT) document.
RACT is based on 1ow-VOC coating standards that can be met with available coatings.
BARCT is based on technology forcing standards that are not currently available. BARCT
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if reformulated coatings have been developed prior to its implementation date.

The RACT standard is set at a VOC limit of 340 g/1 for general use category coatings and

higher VOC limits for specialty use category coatings. The BARCT standard is set at a
lower than RACT standards and is based on a future compliance schedule. The
RACT/BARCT was developed as aguide for local APCDS in developing local rules and
regulations. From 1988 to 1990 SCAQMD, BAAQMD and SDAPCD each adopted marine
coating Rules 1106,43 and 67.18 respectively. These marine coating rules were designed
to control VOC emissions from marine coating operations by placing limits on marine
coating VOC contents. The adoption of the state RACT/BARCT and the passage of marine
coating operation specific rules by California Air Districts added additional regulatory

factors to the reformulation equation to obtain further reduction of marine coating VOC

contents.
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3.0 MARINE COATING REFORMULATION

In the late 1960s several California Air Districts (APCDS) adopted variations of Rule 66 to control

emissions of PRC from industrial sources. In order to comply with Rule 66 coating manufacturers
reduced the PRC content of marine coatigs through reformulation of marine coatings. Since the
early 1970's the shipbuilding industry and marine coating manufacturers have strived to develop and
reformul ate marine coatings to improve coating performance. Industry concerns supporting the
development and reformulation of marine coatings include; improving worker heath and safety and
reducing environmental impact. The approach to reformulation has been to seek a balance between

these varying requirements.

Throughout the regulatory development in the late 1970s, the shipbuilding industry has
continuously attempted to work with regulatory agencies in developing and adopting “realistic” rules
and regulations in controlling VOC emissions from marine coating operations. In the mid 1980s
solvent substitutions with chlorinated solvents resulted in reduced coating VOC content. The
reduced coating VOC was later discovered to adversely affect worker health and safety.
Reformulation activities have resulted in the devel opment of coatings posing reduced risk to
employees and lower VOC emissions. From the late 1980s to the early 1990s specific marine
coating regulations to control VOC emissions were developed and adopted by the State of California
and local APCDS.

The reformulation efforts were generally spearheaded by the National Shipbuilding and Research
Program (NSRP); a federally funded research program. The undertaking are accomplished through
its technical research groups Panel SP-1, Environmental Effects and Facilities and Panel SP-3,
Surface Preparation and Coatings. This effort between government and private industry has resulted
in the completion of an extensive amount of marine coating research and development (R& D)
activities. These R&D activities have reduced chemical exposure risks for workers, reduced VOC
emissions and increased coating life cycle. At the same time the reformulation of these marine
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coatings also resulted in development of lower VOC content solvent based coatings, water based

coatings and coatings with increased solids content.

31 PRODUCTION CONCERNS

In general, the shipbuilding industry has only experienced limited success in specific
application of water based coatings. A water based coating category used in shipbuilding
isthe inorganic zinc primer. Inorganic zinc primer is commonly used in shipbuilding asa
preconstruction primer. Preconstruction primer functions to provide corrosion protection
during shipbuilding cycles which can last for up to nine months for a single block. In the
recent years, a shortfall with the water based inorganic zinc preconstruction primers has been
its reduced capacity to provide corrosion protection at thinner and thinner application
thicknesses. Thinner application thicknesses are required to take advantage of faster welding
rates because of advancement in weld technology. To take advantage of these faster weld
rates, the shipbuilding industry and coating manufacturers have shifted their focus towards
the reformulation and development of solvent based inorganic zinc preconstruction primers

which can be applied at thinner levels and provide the required corrosion protection.

This shift in focus, however may be fruitless because, as of date coating manufacturer’s have
not been able to develop a proven solvent based inorganic zinc preconstruction primer which
complies with the 1994 Californialimit. This obstacle will surely place the U.S. Ship
Industry at a disadvantage with foreign shipyards since they are currently utilizing the new
solvent-based inorganic zinc preconstruction primers in their production processes to take

advantage of advances in welding technology.
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32 COST OF VOC REGULATIONS AND LIFE CYCLE EFFECTS

Several coating manufacturers were contacted regarding the possibility of quantifying the
costs associated with reformulating coating systems to comply with the applicable
environmental regulations and performance requirements. The suggested additional cost
burden on coating manufacturers to continually stay abreast and ahead of the impending
regulations exceeds 1/2 million dollars ayear. This additiona cost increase shipyard
operating cost. Added costs which are subsequently passed on to Navy or commercia

shipowners.

The cost is only one aspect of reformulation, it must be emphasized that coating
reformulation can increase the potentia risk for end use performance failures. If failure of
acoating system occurs, a ships hull may need to be re-coated. This re-coating would result
in increased waste material, particulate emission during blasting operations and VOC
emission during coating application as well as added costs. Under this life-cycle scenario,

there is a no net benefit for the environment.
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4.0 MARINE COATING DATA ANALYSES

The availability of marine coating usage data was assessed in conducting a historical VOC content
trend analysis. A review of marine coating regulatory requirements was also conducted to identify
abaseline environmental standard for marine coatings. Because a Caifornia shipyard had the most
complete marine coating usage data and California has one of the most stringent air pollution laws
for marine coatings, the shipyard's usage data was used for the analyses (Appendix B: California
Shipyard VOC Trend Data). A listing of marine coatings to evaluate was then generated from the
shipyard usage data for the VOC vs. HAP analyses (Appendix C: Cdifornia Shipyard VOC vs. HAP
Data). The marine coatings identified for the VOC vs. HAP analyses were further narrowed down
to coatings with available material safety data sheets (MSDS) detailing product constituents and
congtituent proportion.

For the historical VOC trend analyses, the data was broken down into “actual” ship production time
frames for U.S. Navy ships manufactured in the California shipyard between 1977 and 1991. For
exarnple if a ship was constructed between 1978 and 1980, the average VOC content of a coating
category was caculated for the same period. For the marine coating VOC vs. HAP content analyses,
the data was broken down for calendar years between 1985 and 1993 when data was available for
acoating category.

The data analyzed for both the historical VOC content and VOC vs. HAP content analyses focused
on the four major-use coating categories as determined by the EPA’ sdraft CTG and draft NESHAP
for the shipbuilding and repair industry’. The categories were based on an industry wide survey
conducted by the EPA which demonstrated that approximately 90'% of all coatings used in shipyard

marine coating operations fell within four major coating categories. The four major coating

1. Coatings which did not fall into one of thbe four major coating categories were not evaluated because they
include many different types of coatings and only contribute 10% to total emissions from marine coating
operations.
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categories evaluated and their approximate usage quantities are shown in table A below

Table A: Mgor-use Coating Categories in Shipyards.

Coating Category % Usage "
Alkyd 10.1 I
Antifoulant 113 ‘
Epoxy 58.8 ||
Inorganic Zinc 9.5

41 VOC AND HAP CALCULATIONS

The VOC content of marine coatings were determined by either one (1) of two (2) methods.

The first method was to use the VOC content provided by the manufacturer on the coating

MSDS. The second method was to calculate coating VOC content using the Midwest

Research Institute methods and assumptions in instances where the VOC content was not
provided on the coating MSDS (Appendix D: MRI Assumptions March 22, 1993). The

average VOC content of marine coatings were then calculated for each coating category for

“actual” shipbuilding periods.

The HAP content of a marine coating was calculated after identifying and verifying coating
constituents as HAP using the Merck Index, U.S. EPA’s HAP list and/or MRI's ‘Alphabetical
Index of Synonyms of Hazardous Air Pollutants Designated in the 1990 Clean Air Act
Amendments.” After a marine coating constituent was verified as a HAP, HAP content was
calculated using the MRI methods and assumptions. The average VOC and HAP contents
were then calculated for each coating category for calendar years between 1985 to 1993.
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42  HISTORICAL VOC TREND RESULTS
With the exception of the antifoulant coating category the alkyd, epoxy and inorganic zinc
coating categories al experienced overall decreases ranging from 2% to 40% in average

VOC content from 1977 to 1991 (see Table B below).

Table B. Average VOC content of marine coatings used between 1977 to 1991.

o _ 1 2 3 4 5 6 7
Building Periods ‘77-78 |‘77-79' | '78-80° | ‘80-83' | ‘85-86' |[‘85-87' | 1991
Coating Categories Average VOC content (Ibs/gal)
Alkyd 341 | 344 | 344 | 347 368 | 3.77 | 289
Antifoulant 275 | 275 | 275 2.75 3.6 3.6 3.12
Epoxy 246 | 266 | 237 243 243 3 241
| Inorganic Zinc 416 | 416 | 416 | 414 4.7 4.7 2.47

In the alkyd coating category the average VOC content gradually increased from 3.41 to 3.77
Ibs/gal or 10% between building period “I” and “6” (1977-1980). The average VOC content
dropped from 3.77 to 2.89 |bs/gal or23% between building period “6” and “7” (1985-1991).
The overall decrease in akyd VOC content between building period “I” and “7” (1977-1991)
was 3.41 to 2.89 lbs/gal or 15°/0.

In the antifoulant coating category the average VOC content remained constant at 2.75
Ibs/gal between building period “I” and “4” (1977-1983). The average VOC content
increased from 2.75 to 3.6 Ibs/gal or 24% between building period “4” and “6” (1980-1987).
The average VOC content decreased from 3.6 to 3.12 Ibdgal or 13% between building period
“6” and “7” (1985-1991). There was a general increase in antifoukmt VVOC content horn

2.75 t0 3.41 Ibg/ga or 19% between building period “I” and “7” (1977-1991).
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In the epoxy coating category the average VOC content increased from 2.46 to 3.0 Ibs/ga

or 1 18% between building period “1“ and “6” (1980-1987). The average VOC content
decreased from 3.0 to 2.41 |bs/gal or 20% between building period “6” and “7” (1985-1991).
There was a general decrease in epoxy VOC content from 2.46 to 2.41 Ibs/gal or 2%0
between building period’1” and “7” (1977-1991).

In the inorganic zinc coating category the average VOC content increased from 4.16 to 4.7
Ibs/gal or 11% between building period’1” and “6" (1977-1980). The average VOC content
dropped from 4.7 to 2.47 Ibs/ga or 47% between building period “6” and “7” (1985-1991).
The genera decrease in inorganic zinc VOC content was from 4.16 to 2.47 lbs/gal or 40%
between building period “I” and “ 7" (1977-1991).

4.2.1 HISTORICAL VOC TREND DISCUSSION

Between 1977 and 1991 reformulation and coating chemistry development was
occurring and new coatings were being applied and evaluated for their performance
characteristics and application productivity. It was discovered that some of the low
VOC coatings of the late 1970's and early 1980's resulted in worker health and safety
exposure problems. To resolve the worker health and safety exposure problems, the
coatings were reformulated.  With the reformulation of the coatings and the
elimination of harmful constituents such as chlorinated solvent, the average coating
VOC content increased in the mid 1980's. Although this “repositioning” resulted in
an increase in coating VOC content it resulted in significantly reducing any possible
adverse health effects associated with the lower VOC emitting constituents.

In September 1989, the first local California APCD rule limiting marine coating
VOC content went into effect. The VOC standards that were adopted addressed both
the California RACT and BARCT requirements. The adoption of existing RACT
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standards demonstrate the industry’ s and coating manufacturer’s continued effort in
maintaining use of and development of low VOC content marine coatings
respectively. Due to the new requirements of the marine coating specific rules
subsequently adopted by other local California APCDS: in the late 1980’ s with the
exception of antifoulants, the average VOC content for alkyd epoxy and inorganic
zinc coatings decreased. Although there has been significant improvements in
lowering the average VOC content of marine coatings, the technology forcing
requirements are challenges that coating manufacturers must continue to strive to

achieve.

The regulatory community must understand that development of new coating
technology is time consuming and requires a considerable amount of resources.
These agencies must also understand that with the harsh environments marine
coatings are exposed to, new marine coating technology must first be proven to meet
a ship owner’s requirements which can take years to accomplish. Figure 1 illustrates
the average VOC content trend for the four magjor marine coating categories from
1977to 1991.

Historical VOC Trend

3
>
E 15 4
1 4
05
4] + + + — 4
1977- 1977~ 1978 1980~ 1985- 1985 1991
1978 1979 1960 1983 1905 1987
bulid years

[—e—ALXYD —@—ANTIFOULANT —A— EPOXY —%—INORGANIC ZINC |

Figure 1 Average VOC content of marine coatings used from 1977 to 1991.
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43 VOCvs. HAP RESULTS

In the alkyd coating category as the average VOC content generally decreased between 1985
and 1993, the average HAP content also decreased during the same period. Between this
period, decreases in VOC content resulted in a narrowing of the difference between the VOC
content and HAP content. The difference narrowed from 43% in the higher VOC content

coatings to 15% in the lower VOC content coatings.

Inthe antifoulant coating category as the average VOC content generally decreased between
1985 and 1993, the average HAP content also decreased during the same period. Between
this period, decreasesin VOC content resulted in a narrowing of the difference between the
VOC content and HAP content. The difference narrowed from 14% in the higher VOC
content coatings to 0% in the lower VOC content coatings. In the case where the difference

was 0%, the VOC content was equal to the HAP content.

In the epoxy coating category as the average VOC content generally increased from 1986 to
1993, the average HAP content also increased during the same period. Between this period,
increasesin VOC content resulted in a spreading-out of the difference between the VOC
content and HAP content. The difference spread-out from 59% in the higher VOC content
coatings to 89% in the lower VOC content coatings.

In the inorganic zinc coating category, as the average VOC content generally increased from

1989 to 1993 the average HAP content decreased during the same period. Between this

period, increasesin VOC content resulted in a spreading-out in the difference between VOC

content and HAP content. The difference spread-out from 26% in the lower VOC content
coatings to 46% in the higher VOC content coatings (see Table C below).
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Table C. Average VOC and HAP content of marine coatings used between 1985 and 1993.
Average VOC & HAP Content (Ibs/gal)
Year alkyd antifoulant epoxy inorganic zinc
VOC | HAP % voc | Hap % voC | HAP % voCc | HAP %
Difference Difference Difference Difference

85 45 4 10 448 3.85 4 NA NA NA NA NA NA
86 42 | 24 43 366 | 251 31 1.83 [-021 89 NA | NA NA
87 | 345 2 43 278 | 278 0 201 | 031 85 NA | NA NA
88 | 362 | 23 36 37 | 286 23 196 | 036 82 NA | NA NA
89 | 362 | 28 23 343 | 208 39 233 | 056 76 3.09 | 23 26
90 | 362 | 28 23 343 | 256 25 242 | 071 7 402 | 218 46
91 346 | 2.8 18 328 | 241 27 237 | 104 56 378 | 217 43
92 318 | 27 16 334 | 242 28 239 | 098 59 378 | 217 43
93 326 | 28 15 324 | 2.63 19 238 1 58 337 | 1.63 52

NA = no available data.

43.1 VOC vs. HAP DISCUSSION

From the coating data evaluated, there are three (3) general relationships that can be drawn

between VOC content and HAP content in the four major marine coating categories. The

first is there is no apparent trend between VOC and HAP content in any of the four major

marine coating categories with either an increase or decrease in VOC content. In general an

increase or decrease in VOC content can result in either an increase or decrease in HAP

content. Second, the VOC content is always greater than or equal to the HAP content.

Third, in the lower VOC content coatings the gap between VOC and HAP content narrow

until the VOC and HAP content are equal. Figures 2 to 5 below illustrate these relationships:
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Figure 4: Average VOC and HAP content of epoxy marine coatings used from 1986 to 1993.
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Figure 5: Average VOC and HAP content of inorganic zinc marine coatings used from 1989
to 1993.
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50 CONCLUSIONS

The subject study indicates that the shipbuilding industry and supporting marine coating
manufacturers have pro-actively, albeit at a significant cost developed improved coating technology
that reduces worker health and safety impacts, improves performance needs and supports ever
changing air quality regulations. Fortunately, the industry has influenced the regulatory community
to develop generally “redlistic” regulations to control VOC emissions that meet future needs and
other equally important requirements.

As shown in the historical VOC trend analyses, the shipbuilding industry and marine coating
manufacturers have made efforts to reduce the environmental, health and safety impacts of marine
coatings through coating reformulations. In spite of these efforts, the shipbuilding industry and
marine coating manufacturers have managed to improve the performance of marine coatings.
Partnerships between the shipbuilding industry, coating manufacturers and governmental agencies,
both research and regulatory bodies, have also contributed to reformulation efforts. Although there
has been advancements, the partnerships must continue to work together to ensure firther
improvements occur. Marine coating reformulation continues to be a viable approach to reducing
VOC emissions, preventing worker exposure to harmful chemicals and improving coating
performance. At this stage, further advances can only be made by finding the optimum balance
between these equally important requirements. Furthermore, reductions in marine coating HAP
emissions can aso be made through finding the optimum balance between VOC and HAP content.

It must be emphasized, that the shipbuilding industry, must actively continue to control the direction
of the environmental regulations, and as such continue to take a proactive approach to coating
technology development and become influential and vocal in the regulatory rule development
process to insure the passage of environmentally and industry “friendly” regulations.
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Listed Hazardous Air Pollutants

CAS Chemica
number name
75070 Acetaldehyde
60355 Acetamide
75058 Acetonitrile
98862 Acetophenone
53963 2-Acetylaminofluorene
107028 Acrolein
79061 Acrylamide
79107 Acrylic acid
107131 Acrylonitrile
107051 Allyl chloride
92671 4-Aminobiphenyl
62533 Aniline
90040 o-Anisidine
1332214 Asbestos
71432 Benzene
(including benzene from gasoline)
92875 Benzidine
98077 Benzotrichloride
100447 Benzyl chloride
92524 Biphenyl
117817 Bis(2-ethylhexyl)phthal ate(DEHP)
542881 Bis(chloromenethyl)ether
75252 Bromoform
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CAS Chemical

number Name

106990 1,3-Butadiene

156627 Cacium Cyanamide

105602 Caprolactam

133062 Captan

63252 Carbaryl

75150 Carbon disulfide

56235 Carbon Tetrachloride

463581 Carbonyl sulfide

120809 Catechol

133904 Chloramben

57749 Chlordane

7782505 Chlorine

79118 Chloroacetic acid

532274 2-Chloroacetophenone

108907 Chlorobenzene

510156 Chlorobenzilate

67663 Chloroform

107302 Chloromethyl methyl ether

126998 Chloroprene

1319773 Cresolg/Cresylic acid
(isomers and mixture)

95287 0-Cresol

1083%4 m-Cresol

106445 p-Cresol
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CAS Chemical v

number name

98828 Cumene

94757 2,4-D,sdlts and esters

3547044 DDE

334883 Diazomethane

132649 Dibenzofurans

96128 1,2-Diromo-3-chloropropane

84742 Dibutylphthal ate

106467 1,4-Dichlorobenzene(p)

91941 3,3-Dichlorobenzidene

111444 Dichloroethyl ether
(Bis(2-chloroethyl)ether)

542756 1,3-Dichloropropene

62737 Dichlorvos

111422 Diethanolamine

121697 N,N-Diethyl aniline
(N,N-Dimethylaniline)

64675 Diethyl sulfate

119904 3,3-Dimethoxybenzidine

60117 Dimethyl aminoazobenzene

119937 3,3 -Dimethyl benzidine

79447 Dimethyl carbamoyl chloride

68122 Dimethyl formamide

57147 1,1-Dimethyl hydrazine

131113 Dimethyl phthalate
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CAS Chemical

number name

77781 Dimethyl sulfate

534521 4,6-Dinitro-o-cresol, and sats

51285 2,4-Dinitrophenol

121142 2,4-Dinitrotoluene

123911 1,4-Dioxane (I,4-Diethyleneoxide)

122667 1,2-Diphenylhydrazine

106898 Epichlorohydrin
(I-Chloro-2,3-expoxypropane)

106887 [,2-Epoxybutane

140885 Ethyl acrylate

100414 Ethyl benzene

51796 Ethyl carbamate (Urethane)

75003 Ethyl chloride (Chloroethane)

106934 Ethylene dibromide (Dibromoethane)

107062 Ethylene dichloride (1,2-Dichloroethane)

107211 Ethylene glycol

151564 Ethylene imine (Aziridine)

75218 Ethylene oxide

96457 Ethylene thiourea

75343 Ethylidene dichloride (1,1 -Dichloroethane)

50000 Formal dehyde

76448 Heptachlor

118741 Hexachl orobenzene

87683 Hexachlorobutadiene
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CAS Chemical

number name

77474 Hexachlorocyclopentadiene
67721 Hexachloroethane

822060 Hexamethylene-1 ,6-Diisocyanate
680319 Hexarnethylphosphoramide
110543 Hexane “c

302012 Hydrazine

7647010 Hydrochloric acid

7664393 Hydrogen fluoride (Hydrofluoric acid)
123319 Hydroquinone

78591 Isophorone

58899 Lindane (all isomers)

108316 Madeic anhydride

67561 Methanol

72435 Methoxychlor

74839 Methyl bromide (Bromomethane)
74873 Methyl chloride (Chloromethane)
71556 Methyl chloroform (1,1,1 -Trichloroethane)
78933 Methyl ethyl Ketone (2-Butanone)
60344 Methyl hydrazine

74884 Methyl iodide (lodomethane)
108101 Methyl isobutyl ketone (Hexone)
624839 Methyl isocyanate

80626 Methyl methacrylate

1634044 Methyl tert butyl ether
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CAS Chemical

number name

101144 4,4-Methylene bis(2-chloroaniline)
75092 Methylene chloride (Dichloromethane)
101688 Methylene diphenyl diisocyanate (MDI)
101779 4,4’ -Methylenedianiline

91203 Naphthalene

98953 Nitrobenzene

92933 4-Nitrobiphenyl

100027 4-Nitrophenol

79469 2-Nitropropane

684935 N-Nitroso-N-methylurea

62759 N-Nitrosodhnethylamine

59892 N-Nitrosomorpholime

56382 Parathion

82688 Pentachloronitrobenzene (Quintobenzene)
87865 Pentachl orophenol

108952 Phenol

106503 p-Phenylenediamine

75445 Phosgene

7803512 Phosphine

7723140 Phosphorus

85449 Phthalicanhydride

1336363 Polychlorinatedbiphenyls (Aroclors)
1120714 1,3-Propanesultone

57578 beta-Propiolactone
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CAS Chemical

number name

123386 Propionaldehyde

114261 Propoxur (Baygon)

78875 Propylene dichloride
(1,2-Dichloropropane)

75569 Propylene oxide

75558 1,2-Propylenimine
(2-Methyl aziridine)

91225 Quinoline

106514 Quinone

100425 Styrene

96093 Styrene oxide

1746016 2,3,7,8-Tetrachlorodibenzo-p-dioxin

79345 1,1,2,2-Tetrachloroethane

127184 Tetrachloroethylene
(Perchloroethylene)

7550450 Titanium tetrachloride

108883 Toluene

95807 2,4-Toluene diamine

584849 2,4-Toluene diisocyanate

95534 O-Toluidine

8001352 Toxaphene (chlorinated camphene)

120821 1,2,4-Trichlorobenzene

79005 1,1,2-Trichloroethane

79016 Trichloroethylene
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CAS Chemical

number name

95954 2,4,5-Trichlorophenal

88062 2,4,6-Trichlorophenol

121448 Triethylamine

1582098 Triflurdin

540841 2,2,A-Trimethylpentane

108054 Vinyl acetate

593602 Vinyl bromide

75014 Vinyl chloride

75354 Vinylidene chloride
(1,1 -Dichloroethylene)

1330207 Xylenes (isomers and mixture)

95476 o-Xylenes

108383 m-Xylenes

106423 p-Xylenes
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CAS Chemical
number name

0 Arsenic Compounds

(inorganic including arsine)
Beryllium Compounds
Cadmium Compounds
Chromium-Compounds
Cobalt Compounds

Coke Oven Emissions
Cyanide Compounds
Glycol ethers

Lead Compounds
Manganese Compounds
Mercury Compounds

Fine mineral fibers’

Nickel Compounds
Polycylic Organic Matter*
Radionuclides (including radon)®

O O O O O O O O O O o O o o o

Selenium Compounds

Note: For all listings above that contain the word "compounds" and for giycol ethers, the following applies: Unless otherwise specified, these
listings are defined as including any unique chemical substance that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that
chemical’s infrastructure.

IX'CN where X = H' or any other group where a formal dissociation may occur. For example KCN or Ca(CN),
2Includes mono- and di- ethers of ethylene glycol, diethylene glycol, and triethylene glycol R- (OCH2CH2), -OR' where

n=120r3

R = alkyl or aryl groups

R'=R,H, or groups that, when removed, yield glycol ethers with the structure:

R- (OCH2CH), -OH. Polymers are excluded from the glycol category.

3ncludes mineral fiber emissions from facilities manufacturing or processing glass, rock or slag fibers (or other mineral derived fibers)
of average diameter 1 micrometer or less.
“Includes organic compounds with more than one benzene ring, and which have a boiling point greater than or equal to 100C.
SA type of atom that spontaneously undergoes radioactive decay.
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CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1977-1978
voc

CONTENT

COATING COATING CATEGORY (Ibs/gal)
704 DULL BLACK ALKYD 3.8
111 GREY ALKYD 3.1
122/27 GREY ALKYD 3.3
124 LIGHT BLUE ALKYD 2.9
124 WHITE ALKYD 2.9
125 GREEN ALKYD 2.9
126 GREY ALKYD 2.9
20 GREY DECK ALKYD 35
20L GREY DECK , ALKYD _ 3.5
23 RED DECK ALKYD 3.1
24 BLACK DECK ALKYD 3.4
30 WHITE ALKYD 3.1
920 TINTED ALKYD 2
HEAT RESISTANT ALUMINUM ALKYD 5.3
TT-E-490 GREY ALKYD 3.3
TT-E-490 WHITE ALKYD 35
121 ANTIFOULANT ANTIFOULANT 2.7
129 AJF BLACK ANTIFOULANT 2.8
150 GREEN EPOXY 3.2
152 WHITE EPOXY 33
156 RED EPOXY 2.8
207 BLUE EPOXY 3.7
207 GREY I EPOXY 3.7
207 YELLOW EPOXY 3.7
COAL TAR EPOXY EPOXY 2.4
TAA 4217423 EPOXY 0.6
TAA 426/423 EPOXY 0.6
TAA 428/423 EPOXY 0.6
191 R/B INORGANIC ZINC (> 84) INORGANIC ZINC 1.7
2410/2411 INORGANIC ZINC (>8#) |[INORGANIC ZINC B 48
4437 HIF INORGANIC ZINC (>8#)  |INORGANIC ZINC 5.2
4437 LJF INORGANIC ZINC (> 8#) INORGANIC ZINC 5.8
84ZCP INORGANIC ZINC (> 8%) INORGANIC ZINC 3.3
AVERAGE
voc
CONTENT
COATING CATEGORY {ibs/gal)
ALKYD 3.41
ANTIFOULANT 2.75
EPOXY 2.46
INORGANIC ZINC 4.16
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CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1977-1979
vocC
CONTENT

COATING COATING CATEGORY {Ibs/gal)
104 DULL BLACK ALKYD 3.8
111 GREY ALKYD 3.1
122/27 GREY ALKYD 3.3
124 LIGHT BLUE ALKYD 2.9
124 TINTED ALKYD 2.9
124 WHITE ALKYD 2.9
125 GREEN ALKYD 2.9
126 GREY ALKYD 2.9
20 GREY DECK ALKYD 3.5
20L GREY DECK ALKYD: 3.5
229 GREY ALKYD 4.4
23 RED DECK ALKYD 3.1
24 BLACK DECK ALKYD 3.4
30 WHITE ALKYD 3.1
920 TINTED ALKYD 4
HEAT RESISTANT ALUMINUM ALKYD 5.4
TT-E-490 GREY ALKYD 3.3
TT-E-490 WHITE ALKYD 3.5
121 ANTIFOULANT ANTIFOULANT 2.7
129 ANTIFOULANT ANTIFOULANT 2.8
150 GREEN EPOXY 3.2
152 WHITE EPOXY 3.3
156 RED EPOXY 2.8
207 BLUE EPOXY 3.7
207 GREY EPOXY 3.7
207 YELLOW EPOXY 3.7
4472 BLUE EPOXY 3.7
5442 RED EPOXY 3.7
COAL TAR EPOXY EPOXY 2.4
TAA 421/423 EPOXY 0.6
TAA 426/423 EPOXY 0.6
TAA 428/423 EPOXY 0.6
191 R/B INORGANIC ZINC (>8#) INORGANIC ZINC 1.7
2410/2411 INORGANIC ZINC (>8#) INORGANIC ZINC 4.8
4437 H/F INORGANIC ZINC (>8%#) INORGANIC ZINC 5.2
4437 L/F INORGANIC ZINC (> 8#) INORGANIC ZINC 5.8
84ZCP INORGANIC ZINC (>8#) INORGANIC ZINC 3.3

AVERAGE

voc

CONTENT
COATING CATEGORY {lbs/gals)
ALKYD 3.44
ANTIFOULANT 2.75
EPOXY 2.66
INORGANIC ZINC 4.16

Page 33




CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1978-1980 voC
CONTENT

COATING COATING CATEGORY {Ibs/gal)
104 DULL BLACK ALKYD 3.8
111 GREY ALKYD 3.1
122/27 GREY ALKYD 3.3
124 LIGHT BLUE ALKYD 2.9
124 TINTED ALKYD 2.9
124 WHITE ALKYD 2.8
125 GREEN ALKYD 2.9
126 GREY ALKYD 2.9
20 GREY DECK ALKYD 3.5
20L GREY DECK ~ ALKYD 3.5
229 GREY ALKYD 4.4
23 RED DECK ALKYD 3.1
24 BLACK DECK ALKYD 3.4
30 WHITE ALKYD 3.1
920 TINTED ALKYD 4
HEAT RESISTANT ALUMINUM ALKYD 5.4
TT-E-490 GREY ALKYD 3.3
TT-E-490 WHITE ALKYD 3.5
121 ANTIFOULANT ANTIFOULANT 2.7
129 A/F BLACK ANTIFOULANT 2.8
150 GREEN EPOXY 3.2
152 WHITE EPOXY 3.3
264 MOBILE GREY EPOXY 3.7
264 MOBILE WHITE EPOXY 3.7
4472 BLUE EPOXY 3.7
5442 RED EPOXY 3.7
COAL TAR EPOXY EPOXY 2.4
TAA 421/423 EPOXY 0.6
TAA 424/423 EPOXY 0.6
TAA 426/423 EPOXY 0.6
TAA 428/423 EPOXY 0.6
191 R/B INORGANIC ZINC {>8#) INORGANIC ZINC 1.7
2410/2411 INORGANIC ZINC (>8%#) INORGANIC ZINC 4.8
4437 H/F INORGANIC ZINC (>8#) INORGANIC ZINC 5.2
4437 L/F INORGANIC ZINC (> 8#) INORGANIC ZINC 5.8
84ZCP INORGANIC ZINC (> 8#) INORGANIC ZINC 3.3

AVERAGE

vocC

CONTENT
COATING CATEGORY {tbs/gal)
ALKYD 3.44
ANTIFOULANT 2.75
EPOXY 2.37
INORGANIC ZINC 4.16
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CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1980-1983 voc
CONTENT

COATING COATING CATEGORY {Ibs/gal}
104 DULL BLACK ALKYD 3.8
111 GREY ALKYD 3.1
124 INSIGNIA BLUE ALKYD 2.9
124 PASTEL BLUE ALKYD 2.9
124 WHITE ALKYD 2.9
124 WHITE TINTED ALKYD 2.9
125 PASTEL GREEN ALKYD 2.9
20 GREY DECK ALKYD 3.5
20L GREY DECK ALKYD 3.5
229 GREY ALKYD 4.2
229 WHITE ALKYD 3.8
23 RED DECK ALKYD 3.1
24 BLACK DECK ALKYD 3.4
30 WHITE ALKYD 3.1
39 GREEN STRIPING ALKYD 3.5
40 RED STRIPING ALKYD 3.5
42 YELLOW STRIPING ALKYD 3.5
43 BLUE STRIPING ALKYD 3.5
917 ALKYD 4
920 ALKYD 3.9
920 TINTED ALKYD 3.9
HEAT RESISTANT ALUMINUM ALKYD 5.3
HEAT RESISTANT BLACK ALKYD 2.8
PURPLE STRIPING ALKYD 3.5
TT-E-490 GREY ALKYD 3.3
TT-E-490 WHITE ALKYD 3.5
121 ANTIFOULANT ANTIFOULANT 2.7
129 BLACK 140 ANTIFOULANT 2.8
150 GREEN EPOXY 3.2
151 EPOXY 3.1
152 WHITE EPOXY 3.3
4471 EPOXY 3.7
4471/4473 WHITE EPOXY 3.7
4472 BLUE EPOXY 3.7
5442 RED EPOXY 3.7
JXA 206/JXA 210 EPOXY 2.4
TAA 421/423 EPOXY 0.6
TAA 424/423 EPOXY 0.6
TAA 426/423 EPOXY 0.6
TAA 428/423 EPOXY 0.6
191 R/B INORGANIC ZINC (> 8#) INORGANIC ZINC 1.7
2410/2411 INORGANIC ZINC (> 8#) INORGANIC ZINC 4.7
4437 H/F INORGANIC ZINC 5.2
4437 LIF INORGANIC ZINC 5.8
84ZCP INORGANIC ZINC (>8#) INORGANIC ZINC 3.3

AVERAGE

voC

CONTENT
COATING CATEGORY {Ibs/gal)
ALKYD 3.47
ANTIFOULANT 2.75
EPOXY 2.43
INORGANIC ZINC 4.14
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CALIFORNIA SHIPYARD COATING RECORDS
NAVAL VESSEL

1985-1986 VOC
CONTENT
COATING COATING CATEGORY (Ibs/gal)
CL SERIES ALKYD 4
CTB SERIES ALKYD 3.9
HTA 724 ALKYD 4.1
KHA SERIES ALKYD 2.7
MIL-P-15090 ALKYD 3.1
MIL-P-15146 ALKYD 3.7
MIL-P-18210 ALKYD 3.1
MIL-P-2934 ALKYD 3.2
TT-P-28 ALKYD 5.3
BFA SERIES ANTIFOULANT 3.6
EFL SERIES EPOXY 3.3
JXA 206/JXA 210 EPOXY 2.4
MIL-E-698 EPOXY 3.4
TAA SERIES EPOXY 0.6
NQAO21/NQA026 INORGANIC ZINC 4.7
QHA027/QHA028 INORGANIC ZINC 4.7
AVERAGE
voC
~ CONTENT
COATING CATEGORY (Ibs/gal)
ALKYD 3.68
ANTIFOULANT 3.6
EPOXY 2.43
INORGANIC ZINC 4.7
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CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1985-1987 vVoC
CONTENT
COATING COATING CATEGORY (Ibs/gal)
CL SERIES ALKYD 4
CTBOOO ALKYD 3.9
FORMULA 201 ALKYD 3.9
FORMULA 229 ALKYD 4.2
HTA 724 ALKYD 4.1
MIL-E-698 ALKYD 2.8
MIL-P-15090 ALKYD 3.1
MIL-P-15146 ALKYD 3.8
MIL-P-17970 ALKYD 2.9
TT-E-490 WHITE ALKYD 3.5
TT-P-28 ALKYD 5.3
BKA SERIES ANTIFOULANT 3.6
EF SERIES EPOXY 3.3
KHA SERIES EPOXY 2.7
CHUKOGO INORGANIC ZINC 4.7
NQAO21/NQAO026 INORGANIC ZINC 4.7
QHA027/QHA028 INORGANIC ZINC 4.7
AVERAGE
vVOoC
CONTENT
COATING CATEGORY {Ibs/gal)
ALKYD 3.77
ANTIFOULANT 3.6
EPOXY 3
INORGANIC ZINC 4.7
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CALIFORNIA SHIPYARD COATING RECORDS

NAVAL VESSEL
1991 voC
CONTENT

COATING COATING CATEGOR {ibs/gal)
3279 HEAT RESISTANT ALUMINUM _ |ALKYD 2.8
39 GREEN STRIPING ALKYD 3.5
40 RED STRIPING ALKYD 3.5
400 WHITE ALKYD 0.5
401 WHITE ) ALKYD 2.1
42 YELLOW STRIPING ALKYD 3.5
43 BLUE STRIPING ALKYD 3.5
5705 ALKYD 2.8
5708 ALKYD 2.8
CLB 000V ALKYD 3.3
CLF 384 GREEN ALKYD 3.3
CLL 274V ALKYD 3.3
CPA 004V ALKYD 2.8
HEAT RESISTANT BLACK ALKYD 2.8
385 GREY ANTIFOULANT 2.7
385 RED ANTIFOULANT 2.7
698 GREY ANTIFOULANT 3.4
698 RED. ANTIFOULANT 3.4
ABC #3 BLACK ANTIFOULANT 3.4
150 GREEN EPOXY 2.8
153 BLACK EPOXY 2.8
EFB 000/FMA 725 EPOXY 3.3
EFB 134/FMA 725 EPOXY 3.3
EFL 274/FMA 725 EPOXY 3.3
EXA 410/412 EPOXY 2.7
EXA 411/412 EPOXY 2.7
FPD 052/FPA 327 EPOXY 1.6
FPJ 034/EPA 327 EPOXY 1.6
FPK 705/FPA 327 EPOXY 1.6
FPL 274/FPA 327 EPOXY 1.6
FPY 999/FPA 327 EPOXY 1.6
EP 4661H/EPA 076V INORGANIC ZINC 2.6
EPA 075/EPAO76V INORGANIC ZINC 2.6
QHA 028/027 INORGANIC ZINC 4.7
TQ 437H/TQ 4375H INORGANIC ZINC 0

AVERAGE

vOoC

CONTENT
COATING CATEGORY {lbs/gal)
ALKYD 2.89
ANTIFOULANT 3.12
EPOXY 241
INORGANIC ZINC 248
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NSRP PROJECT #N1-89-2, SUBTASK 2

HISTORICAL VOC ANALYSIS

HAZARDOUS AIR POLLUTANT (HAPS) CONTENTS OF MARINE COATINGS
NASSCO

PROJECT MANAGER: DAN BUELL

PROJECT ENGINEER: WILLIE M. GATERS

COATING MANUFACTURER DATA: INTERNATIONAL PAINT, INC., CO. (IPIC)

TOTAL
HAPS
CONTENT
YEAR COATING NAME COATING CATEGORY FORMULA # COLOR (# HAPS/gal) (# VOCi/gal)
== EXmEEESEX EEBEEES=SS=SE=SX FE-F B R ¥ B K _B =} EESEEE==RREE SEDS=SSE SEEEESREK
84.8 |CLBOOO Alkyd Gloss White 0.33 4.00
85.11 |CLBOOO Alkyd Gloss White 4.04 4.51
86.1 |CLBOOO Alkyd Gloss White 3.77 4.46
86.3 {5675 Alkyd White 0.31 4.28
86.9 |5326 Alkyd DOD-E-1116 White 3.06 3.77
87 |5675 Alkyd White 0.31 4.28
87 |5326 Alkyd DOD-E-1115 White 3.06 3.77
87.4 |6319 Alkyd F-111 Lt . Grey 2.87 3.67
87.8 {CLBOOO Alkyd Gloss White 3.77 4.46
87.9 |5672 Alkyd TTE-4S0E Haze Grey 2.01 4,21
88 |5326 Alkyd DOD-E-1116 White 3.06 3.77
88 16319 Alkyd F-111 Lt . Grey 2.87 3.67
88 jCLBOOO Alkyd Gloss White 3.77 4,46
88.2 {5347 F124 Alkyd Soft White 2.94 3.63
88.7 |6672 Alkyd TTE-490E Haze Grey 2.01 3.33
88.8 {5676 Alkyd White 0.31 3.47
88.9 {5675 Alkyd White 0.31 3.47
88.9 {5672 Alkyd TTE-4S0E Haze Grey 3.33 3.33
89 |5326 Alkyd DOD-E-1116 White 3.06 3.77
89 |5675 Alkyd White 0.31 3.47
89 |CLBOOO Alkyd Gloss White 3.77 4.46
89.2 |5672 Alkyd TTE-480E Haze Grey 3.33 3.33
89.4 16319 Alkyd F-111 Lt . Grey 2.87 3.67
89.9 {CLBOOOV Alkyd H-Gloss White 3.26 3.26
89.9 {5347 F124 Alkyd Soft White 2.94 3.63
90 |5675 Alkyd White 0.31 3.47
90 {CLBOOO Alkyd Gloss White 3.77 4.46
90 |6672 Alkyd TTE-4S0E Haze Grey 3.33 3.33
90.4 |5326 Alkyd DOD-E-1116 White 3.06 3.77
90.8 15347 F124 Alkyd Soft White 2.94 3.563
0.9 |CLBOOOV Alkyd H-Gloss White 3.28 3.26
91 |CLBOOO Alkyd Gloss White 3.77 4.46
91 {CLBOOOV Alkyd H-Gloss White 3.26 3.26
91.4 [6675 Alkyd White 1.26 3.43
91.4 {5347 F124 Alkyd Soft White 2.94 3.53
91.4 |5672 Alkyd TTE-490E Haze Grey 3.33 3.33
91.9 |5705 Alkyd Haze Grey 2.45 2.73
92 |5347 F124 Alkyd Soft White 2.94 3.63
92 |CLBOOOV Alkyd H-Gloss White 3.26 3.26
92,1 JCLBOOO Alkyd Gloss White 3.72 4.46
92,1 |5708 Alkyd Dark Grey 2.20 2.75
92,3 {5707 Alkyd White 2.22 2.78
92.3 |5705 Alkyd Haze Gray 2.20 2.75
92.3 |5708 Alkyd Dark Grey 2.20 2.75
93 |CLBOOOV Alkyd H-Gloss White 3.26 3.26
93 15705 Alkyd Haze Grey 2.20 2.75
93 {5708 Alkyd Dark Grey 2.20 2.75
93 {6347 F124 Alkyd Soft Whits 2.94 3.63
93 |CLBOOO Alkyd Gloss White 3.72 4.468
93.7 |6707 Alkyd White 2.22 2.78
85.9 |BKAOO7/8 Antifoulant Interswift Brown 3.85 4.48
86.56 |BKAOO7/8 Antifoulant Interswift Brown 1.83 4.51
86.8 |BKAOO7/8 Antifoutant Interswift {Brown 1.82 1.96
86.9 |BKAOO7/8 Antifoulant Interswift |Brown 3.88 451
87.9 {4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
87.9 |4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
88 {4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
88 |4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
88.1 |[F151 Antifoulant 4050 |RED 0.00 2.69
88.11 jF129 Antifoulant 4054 |Blsck 2.74 2.74
88.2 |BFA256 Antifoulant Pink 3.96 4.75
88.2 [BFA254 Antifoulant Plum 3.91 4.69
88.4 |BFA256 Antifoulant Pink 3.38 4.75
88.4 |[BFA254 Antifoulant Plum 3.34 4.69
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NSRP PROJECT #N1-88-2, SUBTASK 2
HISTORICAL VOC ANALYSIS
HAZARDOUS AIR POLLUTANT (HAPS} CONTENTS OF MARINE COATINGS
NASSCO
PROJECT MANAGER: DAN BUELL
PROJECT ENGINEER: WILLIE M. GATERS
COATING MANUFACTURER DATA: INTERNATIONAL PAINT, INC., CO. (IPIC)

TOTAL TOTAL
HAPS voC
CONTENT CONTENT
YEAR COATING NAME COATING CATEGORY FORMULA # COLOR (# HAPS/gal) (# VOC/gal)
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88.9 |BRA540 Antifoulant Red 2.85 3.59
88.9 |BRA542 Antifoulant Black 2.85 3.59
89 |F151 Antifoulant 4050 |RED 0.00 2.59
89 {F129 Antifoulant 4054 |Black 2.74 2.74
89.2 |BRA540 Antifoulant Red 0.98 3.59
89.2 |BRA542 Antifoulant Black 0.98 3.59
89.2 |BFA256 Antifoulant Pink 3.24 4.76
89.2 |BFA254 Antifoulant Plum 3.17 4.65
89.4 ]4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
89.9 |4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
90 {4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
90 JF151 Antifoulant 4050 |RED 0.00 2.59
90 |BFA254 Antifoulant Plum 3.17 4,65
90 {F129 Antifoulant 4054 |Black 2.74 2,74
90 |BFA256 Antifoulant Pink 3.24 4.75
90.1 |BRA542 Antifoulant Black 2.85 3.69
0.1 |BRAS40 Antifoulant Red 2.85 3.69
90.9 |BRA540 Antifoulant Red 2.75 3.77
80.9 |4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
90.9 |BRAG42 Antifoulant Black 2.29 2.75
80.9 |[BRAG42 Antifoulant Black 2.75 3.77
91 |F129 Antifoulant 4054 |Black 2.74 2.74
91 |F151 Antifoulant 4050 |RED 0.00 2.69
91 {4054 Antifoulant Mil-P-15931E& Black F129 2.77 2.77
91 |BFA254 Antifoulant Plum 3.17 4.65
91 |]4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
91 |BFA256 Antifoulant Pink 3.24 4.756
91.5 |BRA640 Antifoulant Red 2.29 2.75
91.6 |BRAS40 Antifoulant Red 2.43 3.77
91.6 |BRAG42 Antifoulant Black 2.43 3.77
91.7 |BRA640 Antifoulant Red 2.31 2.78
91.7 |BRA642 Antifoulant Black 2.31 2.78
92 |BRA640 Antifoulant Red 2.31 2.78
92 [BFA254 Antifoulant Plum 3.17 4.65
92 [F129 Antifoulant 4054 |Black 2.74 2.74
92 |BRAG42 Antifoulant Black 2.31 2.78
92 |BFA258 Antifoulant Pink 3.24 4.75
92 {4050 Antifoulant Mil-P-15931E Red F121 2.79 2.79
92 |4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
92 [F151 Antifoulant 4050 |RED 0.00 2.59
92 |BRA542 Antifoulsnt Black 2.43 3.77
92 {BRAS40 Antifoulant - Red 2.43 3.77
93 |]4050 Antifoulsnt Mil-P-15931E Red F121 2.79 2.79
93 |4054 Antifoulant Mil-P-15931E Black F129 2.77 2.77
93 |BRAG42 Antifoulant Black 2.31 2.78
93 |BRA640 Antifoulant Red 2.31 2.78
93.7 |F151 Antifoulant 4050 |RED 2.01 2.61
93.7 |BRAS40 Antifoulant Red 2.75 3.77
93.7 |BFA254 Antifoulant Plum 3.38 4.20
93.7 |F129 Antifoulant 4054 |Black 1.91 2.81
93.7 |BRA542 Antifoulant {Black 2.75 3.77
93.7 |BFA256 Antifoulant Pink 3.38 4.20
86.7 |FPDO52 Epoxy Off-White 0.00 1.70
86.9 |FPJO34 Epoxy Light Grey 0.42 1.95
87 {6751 F156A Epoxy TPD-24441/7C Red 0.00 3.53
87 |FPDO52 Epoxy Off-White 0.00 1.70
87.1 {FPJO34 Epoxy . Light Grey 0.00 1.66
87.4 [FPL274 Epoxy INTERGUARD RED 0.00 1.73
87.4 |FPK705 Epoxy Haze Grey 0.00 1.70
87.9 [FPJO34 Epoxy Light Grey 0.00 1.72
87.9 |5752 F1568 Epoxy TPD-24441/7C Red 2.16 2.16
88 {6752 F1568 Epoxy TPD-24441/7C Red 2.16 2.16
88 |FPK705 Epoxy Haze Grey 0.00 1.70
88 |5751 F166A Epoxy TPD-24441/7C Red 0.00 3.53
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NSRP PROJECT #N1-89-2, SUBTASK 2

HISTORICAL VOC ANALYSIS
HAZARDOUS AIR POLLUTANT {HAPS} CONTENTS OF MARINE COATINGS

NASSCO

PROJECT MANAGER: DAN BUELL

PROJECT ENGINEER: WILLIE M. GATERS

COATING MANUFACTURER DATA: INTERNATIONAL PAINT, INC., CO. (iPIC}

TOTAL TOTAL
HAPS voc
CONTENT CONTENT
YEAR COATING NAME COATING CATEGORY FORMULA # COLOR (¥ HAPS/gal) (¥ VOCigal)
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88.6 |FPJO34 Epoxy Light Grey 0.00 1.46
88.6 |FPL274 Epoxy INTERGUARD RED 0.00 1.48
88.6 |FPD052 Epoxy Off-White 0.00 1.46
89.5 |FPA327 Epoxy REACTOR 1.26 1.26
89.7 [FPD052 Epoxy Off-White 0.00 1.60
89.8 |FPJO34 Epoxy Light Grey 0.00 1.60
89.8 |57478B Epoxy F150 Green Primer 2.25 2.40
89.8 |[FPL274 Epoxy INTERGUARD RED 0.00 1.48
89.8 [FPA327 Epoxy REACTOR 1.26 1.26
89.9 |6755 Epoky F163A Blagk 0.00 3.47
89.9 |5756 Epoxy F164A DK Grey 0.00 3.60
89.9 |5753 Epoxy TPD-24441/3C White 0.00 3.30
89.9 [FPA327 Epoxy REACTOR 1.30 1.30
89,9 |FPDO52 Epoxy Off-White 0.00 1.60
89.9 |FPJO34 Epoxy Light Grey 0.00 1.60
89.9 |[FPK705 Epoxy Haze Grey 0.00 1.70
89,9 |5754 Epoxy Comp B 1.80 2.06
89.9 (57478 Epoxy F150 Gresn Primer 1.25 2.40
89.9 |5752 F156B Epoxy TPD-24441/7C Red 2.16 2.16
89.9 |5747A Epoxy F160 Green Primer 0.00 3.28
89.9 5749 F151 Epoxy F151 Top Haze Grey 0.00 3.52
89.9 |5749 F1561 Epoxy F151 Top Haze Grey 0.00 3.52
89.9 |5751 F156A Epoxy TPD-24441/7C Red 0.00 3.63
90 [5754 Epoxy Comp B 1.80 2.06
30 [5756 Epoxy F154A DK Grey 0.00 3.60
80 |[FPK705 Epoxy Haze Grey 0.00 1.70
90 {5752 F156B Epoxy TPD-24441/7C Red 2.16 2.16
90 {5751 F156A Epoxy TPD-24441/7C Red 0.00 3.53
90 {5753 Epoxy TPD-24441/3C White 0.00 3.30
90.3 {5749 F151 Epoxy F151 Top Haze Grey 0.00 3.52
90.3 |5747A Epoxy F150 Green Primer 0.00 3.28
80.3 |5755 Epoxy F153A Black 0.00 3.47
90.3 |5747B Epoxy F150 Green Primer 2.25 2.40
90.4 |5747A Epoxy F150 Green Primar 0.00 3.28
90.6 |FPJO34 Epoxy Light Grey 0.00 1.60
90.8 |FPJO34 Epoxy Light Grey 1.09 1.60
90.9 [FPA327 Epoxy REACTOR 1.20 1.20
S0.9 |FPDO52 Epoxy Off-White 1.09 1.60
80.9 |[FPL274 Epoxy INTERGUARD RED 1.1 1.48
90.9 {FPJO34 Epoxy Light Grey 1.45 1.45
91 {5755 Epoxy F153A }Black 0.00 3.47
91 |5747A Epoxy F150 Grean Primer 0.00 3.28
91 |5749 F151 Epoxy F151 Top Haze Grey 0.00 3.562
91 |5751 F156A Epoxy TPD-2444177C Red 0.00 3.63
91 [5753 Epoxy TPD-24441/3C White 0.00 3.30
91 |5752 F166B Epoxy TPD-24441/7C Red 2.16 2.16
91.3 |FPY999 Epoxy |Bisck 1.08 1.44
91.4 |FPK705 Epoxy Haze Gray 1.44 1.44
91.4 |6754 Epoxy Comp B 1.80 2.06
81.5 |[FPA327 Epoxy REACTOR 1.20 1.20
91.5 |5849 std 5695 Epoxy Grey 0.00 3.35
91.9 |[FPDO52 Epoxy Off-White 1.41 1.41
91.9 |[FPJO34 Epoxy Light Grey 1.45 1.45
91.9 |57478B Epoxy F150 Green Primer 2.75 2.80
91.9 |[FPL274 Epoxy INTERGUARD RED 1.47 1.47
91.9 |56754 Epoxy Comp B 1.80 2.06
92 |[FPK705 Epoxy Haze Grey 1.44 1.44
92 |FPJO34 Epoxy Light Grey 1.45 1.45
92 |5747A Epoxy F150 Green Primer 0.00 3.28
92 |[FPY939 Epoxy }Black 1.08 1.44
92 {5753 Epoxy TPD-24441/3C White 0.00 3.30
92 |FPA327 Epoxy REACTOR 1.20 1.20
92 |5754 Epoxy Comp B 1.80 2.06
92 [FPL274 Epoxy INTERGUARD RED 1.47 1.47
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NSRP PROJECT #N1-89-2, SUBTASK 2

HISTORICAL VOC ANALYSIS

HAZARDOUS AIR POLLUTANT (HAPS) CONTENTS OF MARINE COATINGS
NASSCO

PROJECT MANAGER: DAN BUELL

PROJECT ENGINEER: WILLIE M. GATERS

COATING MANUFACTURER DATA: INTERNATIONAL PAINT, INC., CO. {IPIC)

TOTAL TOTAL
HAPS vocC
CONTENT CONTENT

YEAR COATING NAME COATING CATEGORY FORMULA # COLOR (# HAPS/gal} (# VOC/gal)
92 |FPD0O52 Epoxy Off-White 1.41 1.41
92 |6749 Fi151 Epoxy F151 Top Haze Grey 0.00 3.52
92 |5751 F156A Epoxy TPD-24441/7C Red 0.00 3.63
92 |56752 F156B Epoxy TPD-24441/7C Red 2.16 2.16
92 |5755 Epoxy F153A Black 0.00 3.47
92 |5849 std 595 Epoxy Grey 0.00 3.35
92 |57478 Epoxy F150 Green Primer 2.75 2.80
93 |FPK705 Epoxy Haze Grey 1.44 1.44
93 |FPL274 Epoxy INTERGUARD RED 1.47 1.47
93 |FPJO34 Epoxy Light Grey 1.45 1.45
93 |5849 std 595 Epoxy Grey 0.00 3.35
93 |56751 F156A Epoxy TPD-24441/7C Red 0.00 3.53
93 |[5753 Epoxy TPD-24441/3C White 0.00 3.30
93 |[5754 Epoxy Comp B 1.80 2.06
93 |6747A Epoxy F150 Green Primer 0.00 3.28
93 |FPA327 Epoxy REACTOR 1.20 1.20
93 |5747B Epoxy F150 Green Primer 2.75 2.80
93 |5752 Fi156B Epoxy TPD-24441/7C Red 2.16 2.16
93 |5749 F151 Epoxy F151 Top Haze Grey 0.00 3.52
93 |FPD052 Epoxy Off-White 1.41 1.41
93.7 |F153 5839 Epoxy F153B Black 0.00 3.47
93.7 |FPY999 Epoxy Black 1.40 1.40
87.1 |QHA027 Inorganic Zinc Powder 0.00 0.00
87.5 |TQ4374H Inorganic Zinc Powder 0.00 0.00
87.5 |TQ4374H Inorganic Zinc Base Binder 0.00 0.00
88 {TQ4374H Inorganic Zinc Base Binder 0.00 0.00
88.6 |QHAO027 Inorganic Zinc Powder 0.00 0.00
89 {QHA027 Inorganic Zinc Powder 0.00 0.00
89 {TQ4374H Inorganic Zinc Base Binder 0.00 0.00
89.2 {QHAO25 Inorganic Zinc Base Red Binder 4.31 4.31
89.8 {EPAO75V Inorganic Zinc Red Primer 2.59 2.69
89.8 {EPAO76V Inorganic Zinc Reactor 0.00 2.26
90 |TQ4374H Inorganic Zinc Base Binder 0.00 0.00
90 |QHA025 Inorganic Zinc Base Red Binder 4.31 4.31
90.1 |EPAO76V Inorganic Zinc Reactor 0.00 2.26
90.1 |QHAO028 Inorganic Zinc Base Green Silicate 2.20 4.75
90.1 |QHA027 Inorganic Zinc Base 0.00 0.00
80.5 |QHAO028 Inorganic Zinc Base Green Silicate 2.20 4.75
90.9 |QHA027 Inorganic Zinc Base 0.00 0.00
91 |QHA028 Inorganic Zinc Base Green Silicate 2.20 4.75
91 |EPAO76V Inorganic Zinc Reactor 0.00 2.26
91 |TQ4374H Inorganic Zinc Base Binder 0.00 0.00
91 JQHA025 Inorganic Zinc Base Red Binder 4.31 4.31
91 |QHA027 Inorganic Zinc Base 0.00 0.00
92 |QHA027 lnorganic Zinc Base . 0.00 0.00
92 |QHA028 Inorganic Zinc Base Green Silicate 2.20 4.75
92 |EPAO76V Inorganic Zinc Reactor , 0.00 2.26
92 {TQ4374H Inorganic Zinc Base Binder 0.00 0.00
92 |QHA025 Inorganic Zinc Base Red Binder 4.31 4.31
93 [QHA025 Inorganic Zinc Base Red Binder 4.31 4.31
93 |QHA027 Inorganic Zinc Base 0.00 0.00
93 |EPAQ76V Inorganic Zinc Reactor 0.00 2.26
93.7 {QHAO028 Inorganic Zinc Base Green Silicate 2.20 4.75
93.7 |TQ4374H Inorganic Zinc Base Binder 0.00 0.00
93.7 |TQ4374H Inorganic Zinc Powder 0.00 2.14
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.. INTEROEFICE MEMOQRANDUM

MIDWEST RESEARCH INSTITUTE
Marxrch 22, 183

TO: Projact Pile
FROM: D. Reeves
BUBJBCT; Criteria/Aesumptiens Used in Develcping HAR Data Base

(1) All HAP data on marine paints was entered in units of
pounds (1b) of HAP per galion of coating, less water.

. (2) Al) painte were categorized using the same criteria ag
used for the VOC data base. In effect, the gama generic
information for each paint was used as the basis for the HAP dara
haaa [{ a v w conbac~rvty hhrand asma PTeR ¥ e JRyey P |
MMES VweWeg gmels; bWWELVHVey) weikas LmLT, auppLLBL, sMNW QHEGUAL

ugage [gall).

(3) Decision was made to characterize each paint category .
baged on the top 80 percent (by veolume! of paints in sach
category. This allowed us to spend more time on collecting,
verifying and analyzing HAP data on the "vital faw' versus the

seridvial manv @

e HRRicy e

(4) Since no tewt method specifically for HAP'S currently
exigts, information from Material Safety Data Sheoets (MSDS's) was
used to estimate HAP contents of each paint.

(S) Bmigsions from solids cverspray ware congidared

nificant go only solvant HAP’a were conaidarved {(and entgred

€y, QLT
he HAP data base).

(6) All solvents (including thinngrs) wera assumed to be
100 pezcent emitted to the air upon application of the paint,

(7) In using MSDS information, the following assumptions
were made: .

insi
in ¢

- Any time a range was given, the midpoint was used
(1.e., 10-15% = 12.8% - see example 1).

= Any time 2 maximum was given, Lhe axXinum vidue
wag used (i.e., <5%¢ = 5% - gee exampla 2).

- Nineral spirits were categorized as either
aliphatic (20% HAP’s) or aromatic (100% HAD’s) -
S6@ examplie 3.



- Any pxcprietary hazardous ingredients were .
congidered non-, (most are balieved to be
resing).

- A weight (%) basis was used whenever provided, I
voluma basis was usad, & generic solvenc density
of 7.0 1bh/gal was used to calculate HAP solvent
contents. BSee example 4.

(8) Many of the shipyards provided incorract/incomplete
brand -names or supplier/manufacturer names., This was/ig
pasticulasly troublescne when a group (family) of paints share
the same prefix or product number deasignation, The shipyards
raferrad to a paint as ¥P series and there aye 10 FP series
paints, with varying HAP contents. Soma paint manufacturers
added a one oy two character suffix to the old paint/product
nurber to designatée a new (CA) compliant version. If the
shipyard failed t¢ include all numbars/characters in the product
number, we have no way of knowing which product was actually
used. Several followup phone calls were made to shipyards and
paint suppliers trying to clarify the data.

(9) As a crosschack with the VOC data bage, HAP contents of
each paint ware compared with VOC contents. Siuce most HAP
solvents are VOC's, any paint with a HAP econtent greater than its
corrasponding VOC content was flagged. If the difference
regulted from the assusptions invoiving ranges or maximum limics
of HAP solvents, the HRP contents were changed (reduced) to match

the verified VOC contents.

(20) Multiple ¢ nents coatings (i.e., epoxies and soms
inorganic zinc coatings) were entersd as "mixed” ("as applied®)
paints. Several phons calls and raguasts for product dats shoats
were made to calculate the combined HAP contant of mixed
coatings. Thera were numarcus prohlams and much confueion
involving mix ratios (by weight or volums) and how to actually
calculate BAP contents of the combined components with only one

component reported by the shipyard.

{11} All RAP {(and VOC) data base information ie on an *as
suppliad” basis. No thinning allowance was made for any of the
paint data. A separate thinning solvent daca base was developed

to compliment the VOC/HAP data Dases.

(12} Watexborme coatings were only a significant
(>1%) portion of one paint categoxy--inorganic zinc. The HAP
content was rapoxted and enterad as 6 1b HAP/gal. B8ince the HAP
units are lb HAP/gal (-H,0) an adjustment was made to the

‘reported usages of all watexborne inorgenie zines. Additional
phone raguests were made for product data sheets to determine
volume ¥ solids. If a 1,000 gal of a waterborne paint with

50 percent solids by volume was rsportad, the annual usage was
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changed to 500 gal to reflect the |ess water usage see
example 5.

Page 47



e TR i T e T T ) [t S o b P37 i
.‘):. . g;u‘ 235-”}{ m‘“WMu%t MIDATRLY
IR0 2 ke B TS 9 NTERNATJONAL
(* /A3/39% Eégiﬂgnﬂvﬁmu
¢ R Jia GUU!\( I
. metda  NEAGOS ' : e s e = &
' Poiuee INTERPLATE  NEA4OS EPOXY PRIVER REQ XA R P‘ E l
. : Lt Y % We Ocgupazional Expogure Vﬁ
- : {Optienal) v PEL 3
-® ISOPROPANGL i SCRY EDY.P AR T PTG PPN ol T A [
7-63-0 <PR Emm. .
“:aanaqn - i!&s Yiass @ e hs® hsos 10~13] 100,00 PPk 100,00 PrY 1Q.
BIIWTLWT . ¥ & N
T to7-98-2 Sazéﬁ Ly gfegn%& ETHER 15~20; 100.00 PPM |100.00 PPN | 1.
*108-10-1 E?Q’n gg ;g §g'§°&§ 10-15) 50.00 PPN | S0.00 PPH | 15,
aeerir BEEACEION BREERATE Gyvan) s10]  wan wa |

" 3 CHENICALS sg

JECT TG THE REPOR
PLARRING AN Y RIGHT-T

B
CORMUNIT

N/A Nt uladly

. SdlingRiagv180-380 DEGe F Viger Deruity: Neavier thas akr Lighter than nle
" Erapemion Ram Powe dan e [} Showar than sther 'Egmm se Md.qc“'
! (Thoseoscal) Pie B
P it Vi R nd et Vi D3, 77 % 1o 20d
. FLAMKABLE, CLASS I 8 FLANMARL o
p Pumnaly Cudaden  osith FLABRADLEe O AL T i pon Py A0 CERCENT BY VoLUKE
! Eriapiolog Maly [T wotnFum [ ] 00, [X]  ByCewia Vawckg [ ower [
) "-'3 YAIRYe IXNRABLE SOLVENT.OC NOT USE IN AREAS WHERE SPARK
; ?ann PLAKE aa§ PRESENTs
| A
i s Tiew -
P SRCTHER FLANES WITH ONE CR THE ABOVE EXTINGUISHING WEDIA.

HWATER MAY BE us;g TC EGL uOD NEO CON;AT RS SUT MUST

A TR K

F A<Er ¢ NT‘AYESI’Q MHAY Py “n KHPA RYDPCE fn PXTOrNRE HRAT,

Page 48



- —

il

. o . WahaaBs £ 3
%308 DATE; 03/01/89 . s TG IVO T G ounr Y Mg 0,:  14-1218163-01
FRIET OATE¢ 08/01/89 - . REPLACES: MtV
\ .s : MATEDTAl CAPCTV NATA CULCT
: . FTIRIERARL JART I VORINA JIIRLT
L ' SECTION § ~ PRODUCT 1DENTIFICATION o
PAOUCT MHETR: 223148 ) KANUEACTURER: SR~ BATINGS COMPANY
" PRAOOUCT KaME: ESTRLRNERY SLUE WniTE BASS R 64 . 4000 OUPGNY CIRCLE, LOUTSVILLE, XY 48207
DRALRRY Lo 308 424+$300 {CHERTREC)
TELEPNONE:  S0T-R97-O84%
eZiTioM ¢! - ¥AANOOCE fMORIDIENTS
DILNY Mrct.] oAz W, ATGIN otiA MAZARDOUS
tats 8y 1, LY (PM) L (BN a b g ff;g;,,.,.fg’
TIVANIUM DIQXIOE 30 {1nea3-67-7 o 0 FTY |
EMOXY REELX 10 125068-38-6 16 »” 4 1
ACRYLIC NESIN 8 Fod <“%.6
PROPYLENE GLYEOL METNYL ETNER ACETATE 30 | 108-£5+4 " 3.7
KeUTIL ALEDWOL < N33 30 (C) K 0 x x Is.e
KINERAL $PIRUTS ] 10 300 s
H-RUTY, ACETATE <5 J123-M06 136 130 x|
P .
/ }Mtﬁ I L 4T .; < J
TV by T™ &JEVE 6 i ]
mm This product does not mula {naredients conaidered careinosmng or potential ssreinogena by ALSIN, Pederal oaia,
. WiP, ARG, & CAL/OSRA.
muvmm:: NE-NOT ESTABLITHED, WATHOT ARPLICABLE, C-CEILING LINIT, O-MUIBANCE PARTIELE TLV 10 %6/M°3 TOTAL VST,
{R3-CARCINGCER, &) POTERTIAL w:l%“l‘. 05 -1iERT ﬁ BMIIARCE RAT FEL 15 RA/WTS WAL RET, $3) 0% THTABLISATD.
UST STOODARD SOLVINT AS A QUIDE, (2) % Ng. DX + NAZAROGUS ACEOROING 70:  8-ASA SO2/388, b-SAPA 313, e-CEACLA 103x

QOLLIRG MAKEEs 260 + 315 BQLEES §  BOUNOS BEA QALLON: 1077 VAPOR DENEITY: x| seavier l LIGHTER TKAN AlR

PEACENT VOLATILE BY WOLINM: 84,63  WOC: S24.47 (CRAMSALITSE}  EVABOMATION RAYSs raster  x]stouts maan gam
w SECTION IV - FIRE A0 DXPLOSION HAZAD DATA

FLUVRASILITY CLASSIFIGATION ' FLARY POIRT (Sectaflash)s §OF

GEUA CLATIIZIZATION 29 CFR 1910.106 (3) PARTS 18-19. s 9

FLNeUBLE LIWID - Qast IS

EXTIMUISKING NEDIA -

ga tu: :: fire use CO2 Ory Chemicat, Fusm, or othir Natienal Fire Procestiens Assedlation (XFPA) approved methed for tresting
“‘ re. . * <

UNUSUAL PIRE AND EXPLDIION RA2ARD

Keep eantainers viphtly clesed. luun (m hal slostrieal equitment, sperks and flbme,  Vaners may sause flesh flre. Vace

ey ignite explesivaly. Vipers my esread ¢ ‘ut.mn and bayend ctosed doers. Oue ta pressure tulld-up, ¢losed containe

opoted te axtrens Heas mey opléde,  Never uu o welding or eutting tersh on or near sentainer (even septy) a8 product or i

resious sy (gAfta, Ouring emergensy cunditions eversxpsture to Seeceposition prockmyy mey ¢sute & Nealth haterd, Sysptoms r

not be l{sasdistely apmicent. htain mediesl atteatien,

SPECIAL FIRE FIOATING PROCIDURES

Sumen prefegeional flrefightert. Use futl protactive aguipment Inctuding salf centained bresthing apparstus. Water spray esey

imeffective. 31 water Is Used, fo netiles prafersble. 1f expesod to fire or sxtreme haat, water sheuld be ugsd te <ol clos.

entdiners and prevent prediurs build up or pesaidie sute-ignitien,

. STCTION ¥ « REALYE BAZARD OATA

SP75CTS OF OVIREXAOSIRE
ACUTt SReATHLIMGT  lrricatien of the nsinnry traat; headeshe, mu-u. dizziness, urskness and fatigus, Extreme sxposu

fmn muacd® 16 s Aramaw? T POy od avnm azsnlisabames acrass
T} TUPUIY I DRARTSS IVYINITIZ P YTEIL PSPt L] Sis NPus

XIu Ok BYE CONTACTs Cavses oye and skin treitatien, Koy be hormful {f cmorbed theough the &Xin,
SUALLOUINGS Can eduse & n‘l imuumt Irritation, navses, veafting and disrrhes,

PAUIP Puacsvas haws ssasal{ated ad and nealamnad asasarionst swarezrnsiea 1o salwents uith permanane brain ang nemp,
wARMRAY AUPEI IS siavVe SeEDBIGATW u-p- n Tis Piecihgis Tsoupweswin: wYer SV SesYe ANt ¢ Snd ne™es

syazen damage. Prelonged of repested breathing of opr sprey migt and/er unding /Nt ever 3 pwlod of yeory ny cas
d sajse of the lungs.
Micar countTions PRo®E TO ASSRAVATION 8Y EXPOSIRE

e SAFLLS

ttone, shen uttd ln'u;orcu. utu’ u11 handting and Txh«forue!m (See Saxtion VIlTY. .

~»
g

SRINARY ltmsm of TNTRY REATAING SUALLOWING
SECTION V Continues on Next fage

Page 49



MATERIAL SAFETY DATA SHEE'
S e ——

Exampe 3

o Coospisenal Lipmeere v P

(Opdianal) ny ML (@w'C

B Lut e WA 0L Lo et B 3 10 L d ey a3 )

100.00PPN 1co.aCPPN 20.(

04742-9S-4 100.00PPNK 1C0. 00PPH Q.
812~50~4 100.00PFM 1C0.00PPN k 1Y
€032-32-4 300.00PPN 300.00PPH 18.C
4030-30~6 100.00PPN 100.00pPN 2.C

€4742-28-7

. B.0SMG/N2 B.05NG/F3 | N/a
1439-92-1

» CHEMICALS SUBJECT TAO THE R
PLANNING AND CONMUNXTY
NIA Nug Avsindir

L3 ] b
R PORTING R!Q GNENTSIOF S CTISN 3 !F2F Tgf EPER?ENCY

T=-TQ~-KKOMW

Il"

Saiing Range 349410 OFC Vajor Usneley: Hoevier thaa ale ) Lightar than olr
. Evapergrian Rase: u:uuD B shsa cher [X] s@mum.u 54 woP

outas ABLE. CLASS T 8 RO PLANMY ARLE
Pach Py gs." Mm”) 18 180 RCEAT BY UrE
Extneviiing Meda: Ao Akt Poam D ca, [X7] Dey Chamionl Wasering e [

u""“g? r,mgﬂn 6 JQLUEKT-OC NCT USE IN AREAS WHERE SPARK

Byeeclal Nn ing Droesdures

usn FLANES ll cu OF THE )‘42 Ve g I!Ngags NS, ggu.
il R

Page 50



EACSTMILE $FSSASE
| i,
Ko, of Pages IncTuding Cover__ 3 _ ' Houston, TX 17210-480¢ '
ot : Phone gm 882-1711
FAX  (713) 6841511
X 148859
QA= 6¥F - 00bS . W (n0)as-1160
DESTINATION: ML, Capr NC. OATE: 22 Pwmaton jamg
T0:_ . Dicyie Ricdutq TIRE OISPATLHED:
FRON:__ vt St " FAX WedER: ZLY07
RE: ~¥9.S'_'.ﬁ’ . supemtnns
[ H .
BANE,

1o NGASE Fud ATTACHRD CiPy oF PROUCT BACAY SHSGA™ Foke
QrH ALY fﬁwmi“i T e é&muﬁ-, At AEAUSITED.

2. Wite Reatter T Yo QUM AT CAMANAMING VOGS AND
fo VorumG FoLios oF PROMCST Praw INRLMATISN PLAIMED oy MEBS's. = |T
DEAEMDS WHEAHEA INFORMARION o MIBS'S 1T Mookt e To VBIATILE IBICHT,
on %o VounmLg \olumen

Al o INFCLMATN Bk

e N CARC o INToLMATIN .
Voc‘ e ] 'S s WEAGHYT WELGHT m.
: - )
flo VOLUME Souts == oo ~ €le VOIS WRIGHT X WSIGHT Pk GAULN
*.b ) . .
(hisuaning Vi WHAKT Pra G o VOLAILE Pt IS 320 Las),
{ ® IN MK o INFOLANDYN R M Mo VOLATILE VOLUME

Do VoLume Soubd DO 160 = Yo YOATILE voLumg
Voo, D o VoranuE NoLUME % 0
R l

“t 2000 am R Pabrrdh A .
e COlLmat Livs FYPROOMATION ot NOG'S Amis NOtUME SOttt

Pob TWIO PACH MATELIMS V) N 10 CALCUIATIR VALLERS Mok BACKH ComPonitad SO AATELY
A Auaay FoL MuaNG RATD Y0 SARCAMWIE VALt fob Mixtn PROSUCX™,

REGAMDS-. HAspy Rouame o

- ot AVILE GG

Mo YOLATILER GWxraity




Rur
1D #
3, oo/
6.0f

7.084
£.032

i Exampe 5
“Tos. /‘/W.déb Sareddedid faou ¢ <>>m: @yss
e S M #93 0225

: PE ¢ ,_@zﬁ d‘}w/u}?ﬁ"/ > Fe //meﬂ 5. gdﬂ@s

e ol SENIREANT IMTBLBORVE USAGES AL
WLvED ke Woesadie. 2We  CTdgs. VoC =0

Piercd o . Voome Secins . Beercowared iﬁg'
Vsge (1) _(on DexSiierre). . Usage  (Bac)
(300 x ol /o . s 797
3900  x %0k = 1560 .
1605 Y 4 = . 42
s72( »  STE = 3261

e MR sskeES JELE. WT WT THE IHABASE

wid Al ohesidrieds: (Re KdpL PAITS ) Aedge VOO colrEdy
. WELE. REDOVE . TRE NET KFFECT WS, THE MELAGE.

YOC  lonrBdT Fik i (AORGANE ZPC COATINGS . WEDT™

VA sideg 1885 VelmE. (5,4@) orTH ﬁ Vel codrELT
wEeE LaLdED 1 THE Aleardes fiom 438 ™ 45 €

See rhesE BE Too— conporer7™ AIWTS, WE coe T
LSE THe KSDS wmasmtrion, wE KD O RepuEST THE
Bevvor-Diea Stears 0 ger SWDS wh 4D THE PATIO

L OBV . CoMPRERTS /40’0  MesT oF THESE PREDVETS
Al BN Wl D1OTTMII  FIIEN AT SRS /1

Page 52



REFERENCES

Merck &Co., Inc., " The Merck Index, Eleventh Edition", 1989.

Midwest Research Institute, “ Alphabetical Index of Synonyms of Hazardous Air Pollutants
Designated in the 1990 Clean Air Act Amendments’, September, 1992.

Page 53



Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




	Report Cover
	Disclaimer
	Title Page
	TABLE OF CONTENTS
	FOREWORD
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 VOC AND HAP AIR REGULATION
	2.1 FEDERAL REGULATIONS
	2.1.1 VOC REGULATIONS
	2.1.2 HAP REGULATIONS

	2.2 STATE AND LOCAL REGULATIONS IN CALIFORNIA

	3.0 MARINE COATING REFORMULATION
	3.1 PRODUCTION CONCERNS
	3.2 COST OF VOC REGULATIONS AND LIFE CYCLE EFFECTS

	4.0 MARINE COATING DATA ANALYSES
	TABLE A: MAJOR USE COATING CATEGORIES
	4.1 VOC AND HAP CALCULATIONS
	4.2 HISTORICAL VOC TREND RESULTS
	TABLE B: AVERAGE VOC CONTENT
	4.2.1 HISTORICAL VOC TREND DISCUSSION
	FIGURE 1: AVERAGE VOC

	4.3 VOC vs. HAP RESULTS
	TABLE C: AVERAGE VOC AND HAP
	4.3.1 VOC VS. HAP DISCUSSION
	FIGURE 2: AVERAGE VOC AND HAP
	FIGURE 3: AVERAGE VOC AND HAP
	FIGURE 4: AVERAGE VOC AND HAP FROM 1986 TO 1993
	FIGURE 5: AVERAGE VOC AND HAP FROM 1989-1993


	CONCLUSIONS
	APPENDICES
	Appendix A - Listed Hazardous Air Pollutants
	Appendix B - California Shipyard VOC Trend Data.
	Appendix C - California Shipyard VOC vs. HAP Data.
	Appendix D - MRI Assumptions

	REFERENCES
	For Further Information...
	Report Cover
	Disclaimer
	Title Page
	TABLE OF CONTENTS
	FOREWORD
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 VOC AND HAP AIR REGULATION
	2.1 FEDERAL REGULATIONS
	2.1.1 VOC REGULATIONS
	2.1.2 HAP REGULATIONS

	2.2 STATE AND LOCAL REGULATIONS IN CALIFORNIA

	3.0 MARINE COATING REFORMULATION
	3.1 PRODUCTION CONCERNS
	3.2 COST OF VOC REGULATIONS AND LIFE CYCLE EFFECTS

	4.0 MARINE COATING DATA ANALYSES
	TABLE A: MAJOR USE COATING CATEGORIES
	4.1 VOC AND HAP CALCULATIONS
	4.2 HISTORICAL VOC TREND RESULTS
	TABLE B: AVERAGE VOC CONTENT
	4.2.1 HISTORICAL VOC TREND DISCUSSION
	FIGURE 1: AVERAGE VOC

	4.3 VOC vs. HAP RESULTS
	TABLE C: AVERAGE VOC AND HAP
	4.3.1 VOC VS. HAP DISCUSSION
	FIGURE 2: AVERAGE VOC AND HAP
	FIGURE 3: AVERAGE VOC AND HAP
	FIGURE 4: AVERAGE VOC AND HAP FROM 1986 TO 1993
	FIGURE 5: AVERAGE VOC AND HAP FROM 1989-1993


	CONCLUSIONS
	APPENDICES
	Appendix A - Listed Hazardous Air Pollutants
	Appendix B - California Shipyard VOC Trend Data.
	Appendix C - California Shipyard VOC vs. HAP Data.
	Appendix D - MRI Assumptions

	REFERENCES
	For Further Information...

