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FOREWORD

The Environmental 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

a vehicle 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.
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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 draftl 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 alternative

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 continual 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.
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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 III of the Clean Air Act Amendment of 1990 (CAAA) establishes a regulatory 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 commonly known as smog. Smog affects

the health and welfare of various individuals in the public. Thus far, EPA has identified 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 final 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 address the 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

as it 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 

California limits.”

Marine coating technological advances have not come without a significant price tag. It is extremely

difficult to derive the exact price of the above efforts, but the cumulative industry cost is in 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

dollars a 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 business is

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 continual 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.

Eventually, 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.

Page 3
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2.1 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 requirements for controls of criteria pollutants

such as VOC from stationary sources. The 1990 CAA amendment also identified a list 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 is that states do not have to adopt the ACT requirements. The U.S. EPA

covered different approaches to reducing VOC emissions in the ACT. One approach

discusses reducing VOC content of marine coatings. The 1994 California VOC or

best available retrofit control technology (BARCT) is a standard also required in the

federal, state and local California regulations. 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 III 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 California 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 later 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 a guide 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

reformulate marine coatings to improve coating performance. Industry concerns supporting the

development and reformulation of marine coatings include; improving worker health and safety and

reducing environmental impact.

these varying requirements.

The approach to reformulation has been to seek a balance between

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 development 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.

3.1 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

is the inorganic zinc primer. Inorganic zinc primer is commonly used in shipbuilding as a

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 California limit. 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.

Page 8



3.2 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 a year. This additional cost increase shipyard

operating cost. Added costs which are subsequently passed on to Navy or commercial

shipowners.

The cost is only one aspect of reformulation, it must be emphasized that coating

reformulation can increase the potential risk for end use performance failures. If failure of

a coating 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 Iife-cycle scenario,

there is a no net benefit for the environment. 

Page 9



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

a baseline environmental standard for marine coatings. Because a California 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: California 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

constituent 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

exarnpIe if a ship was constructed between 1978 and 1980, the average VOC content of a coating

category was calculated 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

a coating 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’s draft 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 tbe 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.

Page 10



categories evaluated and their approximate usage quantities are shown in table A below

Table A: Major-use Coating Categories in Shipyards.

Epoxy 58.8

Inorganic Zinc 9.5

4.1 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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4.2 HISTORICAL VOC TREND RESULTS

With the exception of the antifoulant coating category the alkyd, epoxy and inorganic zinc

coating categories all 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.

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 (lbs/gal)

Alkyd 3.41 3.44 3.44 3.47 3.68 3.77 2.89

Antifoulant 2.75 2.75 2.75 2.75 3.6 3.6 3.12

Epoxy 2.46 2.66 2.37 2.43 2.43 3 2.41

Inorganic Zinc 4.16 4.16 4.16 4.14 4.7 4.7 2.47

In the alkyd  coating category the average VOC content gradually increased from 3.41 to 3.77

lbs/gal or 10% between building period “l” and “6” (1977-1980). The average VOC content

dropped from 3.77 to 2.89 lbs/gal or23% between building period “6” and “7” (1985-1991).

The overall decrease in alkyd VOC content between building period “l” 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

lbs/gal between building period “l” and “4” (1977-1983). The average VOC content

increased from 2.75 to 3.6 lbs/gal or 24% between building period “4” and “6” (1980-1987).

The average VOC content decreased from 3.6 to 3.12 lbdgal or 13% between building period

“6” and “7” (1985-1991). There was a general increase in antifoukmt VOC content horn

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

or 1 18% between building period “1“ and “6” (1980-1987). The average VOC content

decreased from 3.0 to 2.41 lbs/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 lbs/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

lbs/gal or 11% between building period”1” and “6” (1977-1980). The average VOC content

dropped from 4.7 to 2.47 lbs/gal or 47% between building period “6” and “7” (1985-1991).

The general decrease in inorganic zinc VOC content was from 4.16 to 2.47 lbs/gal or 40%

between building period “l” 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 major marine coating categories from

1977to 1991.

Figure 1: Average VOC content of marine coatings used from 1977 to 1991.

Page 14



4.3 VOC vs. 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.

In the 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, decreases in 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,

increases in 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, increases in 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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5.0 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 “realistic” 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 also 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 Chemical

number name

75070

60355

75058

98862

53963

107028

79061

79107

107131

107051

92671

62533

90040

1332214

71432

92875

98077

100447

92524

117817

542881

75252

Acetaldehyde

Acetamide

Acetonitrile

Acetophenone

2-Acetylaminofluorene

Acrolein

Acrylamide

Acrylic acid

Acrylonitrile

Allyl chloride

4-Aminobiphenyl

Aniline

o-Anisidine

Asbestos

Benzene

(including benzene from gasoline) 

Benzidine

Benzotrichloride

Benzyl chloride

Biphenyl

Bis(2-ethylhexyl)phthalate(DEHP)

Bis(chloromenethyl)ether

Bromoform
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CAS Chemical

number Name

106990

156627

105602

133062

63252

75150

56235

463581

120809

133904

57749

7782505

79118

532274

108907

510156

67663

107302

126998

1319773

95287

108394

106445

1,3-Butadiene

Calcium Cyanamide

Caprolactam

Captan

Carbaryl 

Carbon disulfide

Carbon Tetrachloride

Carbonyl sulfide

Catechol

Chloramben

Chlordane

C h l o r i n e  

Chloroacetic acid

2-Chloroacetophenone

Chlorobenzene

Chlorobenzilate

Chloroform

Chloromethyl methyl ether

Chloroprene

Cresols/Cresylic acid

(isomers and mixture)

o-Cresol

m-Cresol

p-Cresol
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CAS Chemical ‘-

number name

98828

94757

3547044

334883

132649

96128

84742

106467

91941

111444

542756

62737

111422

121697

64675

119904

60117

119937

79447

68122

57147

131113

Cumene

2,4-D,salts and esters

DDE

Diazomethane

Dibenzofurans

1,2-Diromo-3-chloropropane

Dibutylphthalate

1,4-Dichlorobenzene(p)

3,3-Dichlorobenzidene

Dichloroethyl ether

(Bis(2-chloroethyl)ether)

1,3-Dichloropropene

Dichlorvos

Diethanolamine

N,N-Diethyl aniline

(N,N-Dimethylaniline)

Diethyl sulfate

3,3-Dimethoxybenzidine

Dimethyl aminoazobenzene

3,3’-Dimethyl benzidine

Dimethyl carbamoyl chloride

Dimethyl formamide

1,1-Dimethyl hydrazine

Dimethyl phthalate
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CAS Chemical

number name

77781 Dimethyl sulfate

534521

51285

121142

123911

122667

106898

106887

140885

100414

51796

75003

106934

107062

107211

151564

75218

96457

75343

50000

76448

118741

4,6-Dinitro-o-cresol, and salts

2,4-Dinitrophenol

2,4-Dinitrotoluene

1,4-Dioxane (l,4-Diethyleneoxide)

1,2-Diphenylhydrazine

Epichlorohydrin

(l-Chloro-2,3-expoxypropane)

l,2-Epoxybutane

Ethyl acrylate

Ethyl benzene

Ethyl carbamate (Urethane)

Ethyl chloride (Chloroethane)

Ethylene dibromide (Dibromoethane)

Ethylene dichloride (1,2-Dichloroethane)

Ethylene glycol

Ethylene imine (Aziridine)

Ethylene oxide

Ethylene thiourea

Ethylidene dichloride (1,1 -Dichloroethane)

Formaldehyde

Heptachlor

Hexachlorobenzene

87683 Hexachlorobutadiene
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CAS Chemical

number name

77474

67721

822060

680319

110543

302012

7647010

7664393

123319

78591

58899

108316

67561

72435

74839

74873

71556

78933

60344

74884

108101

624839

80626

1634044

Hexachlorocyclopentadiene

Hexachloroethane

Hexamethylene-1 ,6-Diisocyanate

Hexarnethylphosphoramide

Hexane “C

Hydrazine

Hydrochloric acid

Hydrogen fluoride (Hydrofluoric acid)

Hydroquinone

Isophorone

Lindane (all isomers)

Maleic anhydride

Methanol

Methoxychlor

Methyl bromide (Bromomethane)

Methyl chloride (Chloromethane)

Methyl chloroform (1,1,1 -Trichloroethane)

Methyl ethyl Ketone (2-Butanone)

Methyl hydrazine

Methyl iodide (Iodomethane)

Methyl isobutyl ketone (Hexone)

Methyl isocyanate

Methyl methacrylate

Methyl tert butyl ether

Page 26



CAS C h e m i c a l  

number name

101144

75092

101688

101779

91203

98953

92933

100027

79469

684935

62759

59892

56382

82688

87865

108952

106503

75445

7803512

7723140

85449

1336363

1120714

57578

4,4-Methylene bis(2-chloroaniline)

Methylene chloride (Dichloromethane)

Methylene diphenyl diisocyanate (MDI)

4,4’-Methylenedianiline

Naphthalene

Nitrobenzene

4-Nitrobiphenyl

4-Nitrophenol

2-Nitropropane

N-Nitroso-N-methylurea

N-Nitrosodhnethylamine

N-Nitrosomorpholime

Parathion

Pentachloronitrobenzene (Quintobenzene)

Pentachlorophenol

Phenol

p-Phenylenediamine

Phosgene

Phosphine

Phosphorus

Phthalicanhydride

Polychlorinatedbiphenyls (Aroclors)

1,3-Propanesultone

beta-Propiolactone
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CAS Chemical

number name

123386

114261

78875

75569

75558

91225

106514

100425

96093

1746016

79345

127184

7550450

108883

95807

584849

95534

8001352

120821

79005

79016

Propionaldehyde

Propoxur (Baygon)

Propylene dichloride

(1,2-Dichloropropane)

Propylene oxide

1,2-Propylenimine

(2-Methyl aziridine)

Quinoline

Quinone

Styrene

Styrene oxide

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

1,1,2,2-Tetrachloroethane

Tetrachloroethylene

(Perchloroethylene)

Titanium tetrachloride

Toluene

2,4-Toluene diamine

2,4-Toluene diisocyanate

O-Toluidine

Toxaphene (chlorinated camphene)

1,2,4-Trichlorobenzene

1,1,2-Trichloroethane

Trichloroethylene
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CAS Chemical

number name

95954

88062

121448

1582098

540841

108054

593602

75014

75354

1330207

95476

108383

106423

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

Triethylamine

Trifluralin

2,2,4-Trimethylpentane

Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinylidene chloride

(1,1 -Dichloroethylene)

Xylenes (isomers and mixture)

o-Xylenes

m-Xylenes

p-Xylenes
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CAS Chemical

number name

0 Arsenic Compounds

(inorganic including arsine)

o
0

Beryllium Compounds

Cadmium Compounds

o Chromium-Compounds

o Cobalt Compounds

o Coke Oven Emissions

o Cyanide Compounds]

o Glycol ethers2

o Lead Compounds

o Manganese Compounds

o Mercury Compounds

o Fine mineral fibers3

o
0
0
0

Nickel Compounds

Polycylic Organic Matter4

Radionuclides (including radon)s

Selenium Compounds
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Appendix D







3
changed to 500 gal to reflect the less water usage  see
example  5.
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