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Preface

It is surprising, in this era of increasing knowledge
about multiple threats to our environment and health,
to recall that within many of our lifetimes risks
widdly known today were either unrecognized or
simply accepted as the price of progress. Lead, for
example -in gasoline, in house paints, and in resi-
dentia plumbing - was a virtualy unchallenged
fact of life until the 1960s. Society has also accepted
a burgeoning world of insecticides, agricultural pes-
ticides, and consumer products containing toxics,
with little understanding of the threats generated by
toxic chemicals used in manufacturing and in many
of these products.

Today, public awareness of these and other health
and environmental hazards is growing exponen-
tialy. Federal and state laws and regulations gov-
ern, restrict, and sometimes ban hazardous chemi-
cal products; some provide economic and other
incentives to change. Consumers scrutinize labels
that didn't exist afew years ago and run their water
taps longer to “get the lead out.” More and more
companies keep a weather eye to the evolving en-
vironmental mores of society and the tightening
strictures of government and marketplace.

Whether in response to existing law or in antici-
pation of regulation still on the horizon, out of a
true sense of stewardship or in quest of commercia
gain, or for all of these motives, sectors of US in-
dustry are finding new ways of doing and making
things to avoid the risk of harm to human health
and the environment.

Stirring Up Innovation: Environmental Improve-
ments in Paints and Adhesives examines the pro-
cess of change in two industries whose products
pervade our daily lives. Paint surrounds us: protect-
ing, coloring, hiding, enhancing, marketing. Our
books, cartons, furniture - and even critical sec-
tions of our airplanes - are held together by adhe-
sives.

Besides the seven companies examined in detail
for these case studies, | NForv identified more than
two dozen that had taken steps to develop safer prod-
ucts. Our research sought insights on many factors
leading to innovation: What did the companies see
as the perceived dangers of continuing to do busi-
ness as usua? What motivated innovation? What
hurdles had to be surmounted? What regulations
helped or hindered progress? What other factors,
such as performance, price, consumer resistance to
change, contributed to or detracted from successful
innovation? What lessons may be drawn by corpo-
rate and government decision-makers about ways
to promote corporate environmental innovation?

The number of companies scrutinized in this re-
port, though not large, proved sufficiently broad to
offer some lessons to others who are or may soon
be on the verge of change. Those who may doubt
the will or capacity of companies to respond to en-
vironmental challenges may be heartened by some
of our findings - toxic solvents removed from
paints, adhesives that will permit more recycling of
books and cartons, coatings that eliminate the haz-
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ards of removing old lead-based paint, and more.

Sirring Up Innovation focuses on one type of
change - product change -toward more sustain-
able ways of living and doing business. It does not
address broader questions of sustainable commerce,
such as whether al uses of these products are nec-
essary. But these companies are taking steps that
deserve to be evaluated and recognized as part of
the process of essential change.

Joanna D. Underwood
President, | NFORM
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Chapter 1: Introduction

This report presents the results of an 1 nForv study
of seven companies that have recently introduced,
or are in the process of introducing, environmen-
taly enhanced products in the paint and adhesives
industries. It is based largely upon interviews with
company officials, supplemented by references to
scientific, trade, and popular literature. Reference
numbers appear in parentheses, e.g., (3); the corre-
sponding list of references begins on page 111.

Goals of the Study

This study has four principa goals:

. To bring into focus the key environmenta con-
cerns associated with the use of paints and adhe-
sives, and the responses of legidators, regulators,
and consumers to those concerns.

. Toillustrate the kinds of innovations that the paint
and adhesives industries are introducing to ad-
dress those environmental concerns and meet
regulatory and customer requirements.

. To describe the regulatory and market environ-
ments in which the case study companies oper-
ate, and the relevant features of their internal or-
ganization.

. To identify characteristics of corporate policy, the
marketplace, and environmental regulations that
encourage or discourage the introduction to com-
merce of products that are more environmentally
benign.

With clarification of the factors that help or hinder
environmenta innovation, policymakers in both the
public and private sectors can creatively weigh op-

tions that may speed the “greening” of the US mar-
ketplace. With specific examples of the innovations
that are being made by manufacturers of paints and
adhesives, other companies may be motivated to
develop and introduce other environmentaly en-
hanced products that will be commercially success-
ful.

What is an Environmental
Innovation for this Study?

Industry can take many different actions that reduce
the environmenta problems related to the manu-
facture and use of paints and adhesives. These range
from “end-of-pipe” control and treatment of pollut-
ants, the traditional way of reducing manufacturing
emissions and waste now recognized to be the least
cost-effective approach, to the more environmen-
taly sound and cost-effective management of in-
dustrial operations that avoids the generation of
pollutants in the first place. With regard to prod-
ucts, approaches involve redesign to eliminate or
reduce waste or contamination. This study addresses
the environmental improvements through changes
in the products that industry produces, rather than
improvements in the processes for making those
products.

For the purposes of this study, an environmental
innovation is a product that reduces harm to the en-
vironment, relative to competing materials, and that
is new to the marketplace. Environmental enhance-
ments are defined broadly. They include the follow-
ing classes of change in the product:

. Design for reduced content of chemicals that may
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be toxic to human beings or animal or plant life,
may contribute to ozone depletion, greenhouse
gas formation, smog, acid rain, and the eutrophi-
cation’ of surface waters, and may cause fire and
explosions.

« Design to reduce releases of damaging materi-
als to the environment (e.g., encapsulation),
whether those materials are contained in the prod-
uct itself or in another material.

« Design to facilitate reuse and recycling of the
product, or incorporate recycled materials.

« Design to decrease energy consumption required
for its manufacture, use, or disposal.

» De<ign to requirefewer nonrenewable resources,
or fewer natura resources overall, for its manu-
facture and use.

» Design to require minimal space or treatment for
safe disposal.

Environmentally innovative products need not
address only an environmental problem caused by
paints or adhesives themselves, but may also ad-
dress a problem caused by products on which paints
or adhesives are used - for example, a paint that
increased energy efficiency by insulating painted
surfaces. As defined in this study, they must be new
to a particular market. Innovations might include:
* Completdly new chemistry for a class of prod-

ucts.

» Application of technology developed in one area
to another, either within a class of products such
as paints, or from another class of products.

» Reintroduction of an older technology that had
falen into disuse.

Why Study Paints and
Adhesives?

Why focus on paints and adhesives? Earlier research
by inForv  in Tackling Toxics in Everyday Prod-
ucts (2), showed paints and adhesives to be among
the more common sources of potential exposure to
toxic chemicals from everyday consumer products.
This finding is buttressed by a database of the chemi-
cal constituents of household products compiled by

the US Environmental Protection Agency (EPA) (3).
Moreover, paints and adhesives pervade everyday
life. They are found in numerous common commer-
cia products and are ubiquitous - in the yellow
stripe down the middle of the road, on refrigerators
and automobiles, on the walls and floors of our
homes, and even in our cereal boxes.

Among the constituents of paints and adhesives
that give rise to the greatest concern are solvents
and heavy metals.* Each of these broad classes of
chemicals has members that are associated with sig-
nificant toxic effects. For example, both lead and
mercury are known to be toxic to the nervous sys-
tem, with young children particularly sensitive to
these adverse effects (4,5), while cadmium can cause
major kidney damage if it accumulates to a high
level in the body. Lead is aso suspected to be a
carcinogen (cancer-causing chemical).

The effects of solvents range from inducing diz-
ziness and drowsiness to permanent nervous sys-
tem, liver, or bone marrow damage. A number of
solvents that have been used in paints are either
known to cause cancer in human beings (e.g., ben-
zene), or are strongly suspected of causing cancer
(e.g., methylene chloride trichloroethylene). Some
glycol ethers, widdly used as solvents in water-based
paints, are suspected of causing birth defects.

Further, in addition to direct toxic risks, paints
and adhesives contain chemicals that can indirectly
cause environmental damage in a number of ways.
Among their component chemicals are a class of
compounds, known as volatile organic compounds
(VOCs), that can contribute to smog formation and
depletion of the stratospheric ozone layer.

Because of the various risks that they pose, paints
and adhesives have recently been the focus of pub-
lic concern and legal and regulatory activity. In re-
sponse, US industry has begun to introduce new,
and possibly safer, ways of designing and manu-
facturing both paints and adhesives. This report ex-
amines what industry has done thus far. It seeks to
identify ways to encourage progress in environmen-
tal improvement and remove obstacles to environ-
mental innovation, both inside business and in the
world of government and public action. It does not
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address other questions of sustainable commerce -
for example: Are al uses of these products redly
necessary? Would a nail or screw make more sense
than adhesives, in certain applications? Does furni-
ture need to include a foam that requires adhesives?
Are there protective and decorative approaches that
are environmentally friendlier than paint?

To raise these further questions, however, is not
to dight the important incremental steps toward
improvement of existing products that continue to
be in demand.

Notes

1. Eutrophication: excess nutrient levels that acceler-
ate alga growth, which may lead to depleted oxygen
needed by fish, and the eventual conversion of the
water body into a marsh.

2. These are more likely to be found in paints, where

they are used as pigments, corrosion inhibitors, and
preservatives, than in adhesives.
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Chapter 2: Findings and Conclusions

Overview

Paints and adhesives are everywhere, and serious

environmental problems are associated with their

use. They are among the more common sources of
exposure to toxic chemicals from everyday con-
sumer products. The key areas of concern follow:

e Toxic heavy metals such as lead, mercury, and
cadmium, found in pigments and additives, can
damage the nervous system and kidneys and may
cause cancer.

e Toxic chemicals contained in solvents, long the
major component in many paints and adhesives,
can cause cancer, birth defects, nervous system
damage, and other serious health problems dur-
ing application, the product’s life, and disposal.

e Their volatile organic compounds (VOCs) con-
tribute to formation of smog, with its accompa-
nying respiratory damage.

» Long-lived chlorinated organic compounds in
some products can damage the stratospheric
ozone layer and alow devastating ultraviolet light
to reach the earth’s surface; they also threaten
water quality, human health, and wildlife.

Responding to increased public concern and le-
gal and regulatory scrutiny, the paints and adhesives
industries have introduced a number of innovative
products that address these environmental problems.
INFORM researchers have surveyed the literature on
such innovations and identified some two dozen
companies. (See Chapter 5 and Table 5-1). | NForRv
conducted interviews with and submitted question-
naires to officials of seven companies that have in-

troduced such environmental innovations, in order
to gain insights into the types of factors that pro-
mote or hinder such innovation. The case study com-
panies are;

Ciba-Geigy Corp. (Ciba), Hawthorne, NY

Devoe & Raynolds Co., Louisville, KY

The Glidden Co., Cleveland, OH

Huls America, Inc., Piscataway, NJ

Miles, Inc., Pittsburgh, PA

National Starch and Chemica Co., Bridgewater, NJ
Swift Adhesives, Downers Grove, IL

Findings

InForv found that the seven case study companies
were addressing environmental problems with in-
novations that ranged from eliminating the use of
toxic chemicals to facilitating the recycling of pa-
per. The innovators were responding to a wide vari-
ety of governmental and corporate motivations. But
al encountered an array of regulatory and market
impediments.

The Innovations

The innovations, devised for both broad use and

speciaized niche markets (See Chapter 5 and Case

Studies) include:

. Organic chemica replacements for toxic heavy
metals used to inhibit corrosion or prevent the
growth of slime and barnacles on ships and other
marine-based structures. [Ciba]

. Low-solvent, water-based paints that can replace
solvent-based paints in applications demanding
high gloss and durability. [Devoe & Raynolds]

4 + Stirring Up Innovation: Environmental Improvements in Paints and Adhesives



. Paints that are completely free of added solvents
and have no measurable VOC content. [Glidden]

. Paint colorants with no VOCs that eliminate the
use of a toxic chemical, ethylene glycal. [Hiils
Americal

. A system of polymers that allows bridges to be
repainted without the need for hazardous opera-
tions to remove toxic lead paint. [Miles]

. Adhesives that allow more paper products (such
as books and corrugated cardboard boxes) to be
recycled into new paper. [National Starch and
Chemicd]

. Adhesives for foam, such as that used in some
furniture, that eiminate the use of a solvent
known to contribute to depletion of stratospheric
ozone. [Swift Adhesives)

Motivations

InForv found that a wide variety of governmental
and corporate considerations motivated these inno-
vations and contributed to their entry into the mar-
ket. (See Chapter 5.)

Regulatory Factors Promoting Innovation
Federa and state environmental regulations have
proved to be a strong driving force for innovation.
Some regulations directly affect companies in the
paints and adhesives industry, such as the Resource
Conservation and Recovery Act (RCRA), the Fed-
era Food, Drug, and Cosmetic Act (FFDCA), the
Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA), and regulations of severa states in com-
pliance with the Federal Clean Air Act.

Regulation in some cases did not directly affect
the innovating companies but created new needs for
their customers, leading the case study companies
to introduce innovative products to meet those
needs. Or regulations in a specific market area, such
as California or Germany, may influence a com-
pany with national or international marketing goals
to bring its products into compliance with the regu-
lated market’s requirements rather than forfeit do-
ing business there.

Federal government reporting and labeling re-
guirements provide especially strong motivation for

change, as companies are not eager to advertise
hazards on their labels and in their public report-

ing.

Corporate Factors Promoting Innovation
Several of the case study companies indicated they
were pursuing an explicit corporate agenda of en-
vironmenta responsibility.

Others were focused on market opportunities that
only coincidentaly related to environmental con-
cerns. All were driven by the expectation of com-
mercial success, even if not in the short term.

Manageria flexibility and openness to change
in the companies fostered innovation, as did col-
laboration between marketing and research staffs
and greater decision-making autonomy among cor-
porate divisions.

Impediments to Change

If some government and corporate factors in the
modem paints and adhesives marketplace are fos-
tering innovative solutions to environmental prob-
lems, inForv found that others just as clearly are
impeding innovation. (See Chapter 5.)

Regulatory Obstacles to Change

The stringent review facing new chemical products
is seen by some companies as placing them at an
unfair disadvantage with existing products that had
entered the market in a less demanding regulatory
environment and that are unlikely to be subjected
to review under modem standards in the near fu-
ture.

Negotiations between government and business
over new regulations tend to focus on individual
companies rather than entire industries. This may
lead regulators to underestimate the true innovative
capacity of the industry at large.

Corporate Obstacles to Change

The market tends to resist change even when eco-
nomic as well as environmental advantages are
promised. In some cases, resistance to new prod-
ucts reflected the combination of a cost disadvan-
tage for the new product and skepticism regarding
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the seriousness of the environmental problem be-
ing addressed.

In other cases, traditional work patterns and in-
dustry rigidity in testing procedures and specifica-
tions acted as barriers to products that offered sig-
nificant economic as well as environmental
advantages.

Environmentally innovative products have
proven unlikely to succeed if their performance is
not perceived to be at least on par with the conven-
tional products they seek to replace.

Conclusions

The findings of these case studies, while based on
too small a sample to be definitive, suggest a num-
ber of policies that government and business could
implement to foster further environmental innova-
tion.

Regulatory Initiatives

The regulatory process could more broadly include
manufacturers, their suppliers, their customers, and
the industry’s innovators, in order to better evalu-
ate the potential innovative contributions of firms
a many stages of the product life cycle.

To avoid stifling innovation and penalizing new
products by regulating them more stringently than
existing products, a hew regulatory scheme could
maintain state-of-the-art review of new products
while keeping a regulatory eye on existing prod-
ucts. For example, regulations could analyze new
products that serve a similar function and apply cur-
rent knowledge about those products to the regula-
tion of existing products as well.

To encourage more innovation, regulators could
stress public reporting and product labeling require-
ments in devising regulatory mechanisms.

Corporate Initiatives

To overcome market resistance, producers of inno-
vative products could make greater efforts to edu-
cate existing and potential customers about the eco-
nomic as well as the environmental advantages of
adopting new product designs and formulations.

Innovators may wish to ensure through testing,
marketing, and demonstration that the new product
performs its principa task at least as well as the
existing products more familiar to customers. This
would help overcome customer preconceptions that
environmentally innovative products perform
poorly.

Businesses offering innovative products can edu-
cate their trade customers that taking advantage of
such products can yield significant benefits in the
regulated marketplace. Innovators can encourage
business customers to shed preconceptions about
new products and evaluate costs from a broad per-
spective, rather than simply comparing prices of
products with very different features.

Regulators can work with businesses and envi-
ronmenta leaders to create a more fair and repre-
sentative playing field by properly defining the full
environmental and public health costs of products.
They can devise strategies for incorporating those
costs into the product rather than have them remain
as external costs.

6 « Stirring Up Innovation: Environmental improvements in Paints and Adhesives



Chapter 3: An Environmental Perspective

A Brief Primer on
Paints and Adhesives

Paints

Although their actual chemistry can be extremely

varied and complex (6-9), most paints can be de-

scribed as consisting of four principal components:

. Pigments, which give the paint its color and abil-
ity to hide the underlying surface. These are gen-
erdly in the form of finely ground powders.

. Binders or film-formers in which the pigment
particles are dispersed, and which bind the pig-
ment to the painted surface.

. Thinners or solvents, which are used to keep the
paint in aliquid state during application, and to
otherwise aid in the application of the paint.

. Additives, a broad class of ingredients subsum-
ing a variety of functions not covered by the three
primary components described above. Additives
may be corrosion inhibitors, biocides, flattening
agents (which reduce the gloss of the paint), and
flow enhancers for easier application, et cetera
Some of the properties of additives may aso be
imparted to the paint by the pigments or film-
formers themselves.

Paint thinners are generally intended to evapo-
rate following application, or to react chemically
with the binder, so that the applied paint consists of
pigment, binder, and some additives.

Within this generd framework, there is a multi-
tude of possible mixtures, reflecting different types
and amounts of pigments, binders, additives, and
solvents, which can yield radicaly different paint

products. For example, the two most common
household paints, alkyd (“oil,” or solvent-based)’
and latex paints differ completely with regard to the
chemistry (and even the physical form) of their bind-
ers. In the former case, a true solution of resin in
solvent exists, while the latter are actualy aqueous
suspensions of finely-ground polymers. The physi-
cal and chemical composition of paints varies even
more when the diversity of paint applications is
considered. Some paints, for example, can be ap-
plied in solid form (powder coating) and cure (dry)
with exposure to light and/or heat.

Another way to classify paints is by drying
mechanism. Some cure simply by solvent evapora-
tion (known as “lacquer drying”), others by absorp-
tion of oxygen from the air, and till others from
within the paint by chemical reactions that may be
catalyzed by additives or even by light. More de-
tailed specification of dternate paint chemistry
could extend for pages.

The market for paint products and related coat-
ings can be divided into three primary components:
architectural coatings, product coatings, and spe-
cia purpose coatings. Each of these industry sec-
tors in turn contains a number of subdivisions and
includes a wide range of paint formulations and uses.
All, however, can be distinguished by the genera
conditions that affect patterns of paint use.

Architectural Coatings

The most familiar category of paint products, ar-
chitectura or trade-sales paints, comprises roughly
half of the total US market for paints, by volume. It
includes interior and exterior building paints, as well
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as paints for furniture and home repairs. Many spe-
cialized products also exist within this broad cat-
egory, such as floor paints, or industrial maintenance
coatings, which differ from the genera run of ar-
chitectural paints in ways that reflect the special
requirements of their intended use (e.g., high resis-
tance to abrasion or solvents).

Product Coatings

Another major market for paints consists of prod-
uct coatings, or original equipment manufacturer
(OEM) use. Thisincludes such familiar products as
household appliances and automobiles, and smaller,
more specialized uses.

Special Purpose Coatings

This is the most heterogenous category, consisting
of paint uses that do not readily fall into the two
previous categories - such as marking traffic lanes
on roadways, refinishing of automobiles or other
equipment, and protection of stedl structures such
as highway bridges.

Economic Aspects of Paints
Annua sales of paints in the US market exceeded
$12.2 hillion in 1992, representing approximately
one-third of the worldwide market.* Of this total,
$5.1 hillion represented architectural coatings, $4.3
billion OEM coatings, and the remaining $2.8 bil-
lion special purpose coatings. These dollar figures
represented nearly 1.1 billion gallons of paint. (10-
12) Sales to the architectural market represented 562
million gallons, with 334 million gallons of prod-
uct coatings and 170 million gallons of special pur-
pose paints (10). Nearly 60 percent of sales of ar-
chitectural paints (285 million gallons) were for
residential applications ( 12).2

Nearly one half of the content of paintsin the US
market is represented by solvents (5 hillion pounds
out of atotal of 10.8 hillion pounds). Of the remain-
der, resins account for 2.4 billion pounds, pigments
1.2 billion pounds’ and additives 180 million
pounds. “Other chemicals’ account for 2 hillion
pounds (13). It has been estimated that 25 percent
of al hydrocarbons used as solvents (293 million

gallons in 1992) are used in paints and coatings (10).

There are nearly 1,400 companies in the paints
and coatings industry, of which 626 (44 percent)
have 20 employees or fewer. In a 1991 survey, 35
percent of the responding companies reported sales
of less than $5 million per year, 21 percent reported
sales between $5 million and $20 million per year,
while 39 percent reported sales in excess of $20
million per year (14).

Adhesives

If the variety of paints and coatings makes a simple
characterization difficult, the variety of adhesive
substances makes it nearly impossible. There is not
even agreement on what materials are adhesive; an
adhesive is smply defined as a substance capable
of holding materials together by surface attachment
(15). That same substance, if applied to a single sur-
face only, may be called a paint or coating. The only
other requirements noted are that the adhesive must
be capable of wetting the surface to which it is ap-
plied, at least for an instant, and that it be used in a
relatively thin layer, so that it forms a joint capable
of transmitting stresses.” Adhesives are widely used
throughout industry, with special emphasis in the
bookbinding, forest products and furniture (e.g., ply-
wood and laminates), construction, automotive,
aerospace, electronics, and packaging industries
(16).

Economic Aspects of Adhesives

The size of the adhesives and sealants market is al-
most as difficult to describe as the chemistry of ad-
hesives. One recent source describes the world mar-
ket as $13 hillion per year, with the US share at 40
percent, but also describes the US industry as $7.4
billion (which would represent 54 percent of the
market). The top 10 US manufacturers had a 1992
market share of 34 percent, with no manufacturer
controlling more than 7 percent of the market.
Waterborne adhesives represent more than half of
the market, with solvent-based adhesives account-
ing for 13 percent, hot melt for 18 percent, and 18
percent classified as “other.” Nearly 30 percent of
adhesives are used for packaging (17).
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Environmental Concerns

The three main environmental concerns affecting

paints and adhesives are:

. The toxicity and other hedth hazards posed by
their ingredients.

. The contribution of their chemical constituents
to smog formation.

. The potential of chemicals released from paint
to cause stratospheric ozone depletion.

As the particular concerns differ for chemicals
that are commonly found in paints and those that
are common in adhesives, they will be discussed
separately. An additional issue that involves both
paints and adhesives is their role in facilitating or
impeding the reuse and recycling of end-use prod-
ucts, as opposed to premature disposal.

Paints and the Environment

The two primary considerations in public, regula-
tory, and industrial concern over paints have been
the release of volatile organic compounds (VOCs)
from paints during the curing (drying) process, and
the presence of toxic chemicals, used as pigments
or additives, that may be released to the environ-
ment® either while the paint is being applied, when
itisin place, or during remova and disposal of dam-
aged paint.

Volatile Organic Compounds (VOCs)

What are VOCs?

VOCs have been identified as a significant prob-
lem for the environment. They not only pose toxic
hazards but threaten to increase ozone where it is
undesirable (in the lower atmosphere, or tropo-
sphere’), and to destroy it where it is needed (in the
upper atmosphere, or stratosphere*). How can any
class of chemicals pose such diverse risks?

The answer, quite simply, is that most chemicals
fit the basic definition of a VOC. The only clear
positive requirement is that the chemica be organic
(i.e., contain carbon) and have the potentia to va
porize (this depends upon temperature and atmo-
spheric pressure). Most regulatory authorities do

not even specify a particular criterion of volatility.*
They may make explicit reference to photochemi-
cal reactivity,” but this also tends to be nonspecific.

Because a key concern over VOCs is their abil-
ity to participate in photochemical reactions (dis-
cussed below), most regulatory authorities have em-
ployed a very general definition, and then excluded
those chemical compounds that are not known to
participate in photochemical reactions. Table 3-1 (at
the end of this chapter) presents compounds that
have been excluded from classification as VOCs by
various regulatory authorities. Many of the com-
pounds that are excluded from oversight on this
basis, however, are explicitly regulated as ozone-
depleting substances (see below).

As can be seen from Table 3-1, the overlap in
definition by different authorities is less than com-
plete. Functionaly, the VOC content of any sub-
stance is determined by measuring the total volatil-
ity of the material (i.e., its vapor pressure under
specified conditions), and then correcting for the
contribution of water vapor.? Depending upon the
particular compounds present, and their affinity for
water, this can lead to rather variable results.

Where do VOCs Come From?

Some VOCs are produced by vegetation, and these
natural VOCs participate in the photochemical re-
actions that generate tropospheric ozone and smog
(discussed below). Human activities, however, pro-
duce an abundance of VOCs that dwarf the natural
generation of these compounds and play a domi-
nant role in the generation of smog (18,19). Table
3-2 shows the results of a study by the Georgia In-
gtitute of Technology on the VOCs with the highest
concentrations at their urban site (20). As can be
seen from the table, only two of the top 35 are of
natural origin. '* Moreover, because urban areas are
host to many sources of nitrogen oxides that react
with VOCs to form smog,** and because many hu-
man beings are exposed, a given amount of VOCs
in these areas creates greater problems than it would
inarural setting.

Regarding the human-made VOCs, the scientific
literature differs on both the amounts released to
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the atmosphere and the relative contributions of dif-
ferent sources (19). Among the prominent sources
are fossil fuels used in transportation and industry
(2 1) and solvents used in paints, coatings, and com-
mercia products and as cleaners (22). A 1985 study
estimated that 40 percent of human-made VOCs
came from transportation, 32 percent from various
solvent emissions, and 28 percent from industrial
activities and fuel combustion (19). More recently,
EPA estimated that the contribution of industrial
emissions to total emissions of non-methane VOCs
has increased steadily from 21 percent in 1940 to
46 percent in 1990 (23). Between 1970 and 1990,
the portion of these emissions attributable to sur-
face coating operations has remained at approxi-
mately 25 percent. This would indicate that paints
and coatings are responsible for at least 11 percent
of VOC emissions, without counting the contribu-
tion of architectural coatings for residential use. The
values on production cited above suggest that resi-
dential paint use could contribute as much as an-
other 5 percent of total emissions.

How do VVOCs Contribute to Smog

Formation and Lower-Atmosphere Ozone?
Briefly, sunlight can catalyze a series of chemical
chain reactions between various VOCs and oxides
of nitrogen, which are emitted plentifully from com-
bustion sources such as automobile engines; the
process produces ozone at each of several reaction
steps. Also formed are various organic and inorganic
acids and a series of carbonyl compounds (such as
formaldehyde). Some of these compounds partici-
pate in subsegquent reactions that also give rise to
ozone. Different VOCs vary in the extent to which
they participate in these smog-forming photochemi-
ca reactions in the troposphere. While some are
highly reactive, others are relatively unlikely to lead
to ozone or smog formation. Smog is the complex,
visible mixture produced by this entire family of
photochemical reactions. A recent report by the
National Academy of Sciences (19) offers a detailed
and thorough discussion of the photochemistry of
tropospheric 0zone generation and smog formation.

Ozone: A Growing Health Threat

Research into the toxicity of ozone has been going
on for some years, and the human health implica-
tions of increased tropospheric ozone are well es-
tablished (24). Limits on occupational exposures
were established by the American Conference of
Governmental Industrial Hygienists (ACGIH) as
early as 1946, and effects from outdoor air pollu-
tion were reported in 1967. Concern over the health
and environmental damage caused by ozone has led
to its being one of only five chemicals™ for which
National Ambient Air Quality Standards (NAAQS)
have been set by the EPA; the originad NAAQS for
ozone was set in 1971.

Ozoneisirritating to the air passages of the lung
during acute exposures. Prolonged or repeated ex-
posures to elevated ozone levels have been shown
to decrease lung capacity and to cause decreases in
lung tissue easticity that reduce the lung's ability
to exchange oxygen and carbon dioxide. Effects can
be produced with exposures as short as five min-
utes, and become increasingly more severe as ex-
posure duration continues (24). Persistent inflam-
matory changes in the lungs have been noted at
levels commonly encountered in urban air, and lev-
els of ozone that occur regularly in southern Cdli-
fornia have been associated with premature aging
of the lungs (25).

Most regulatory standards are based upon data
from short exposures, but heath effects have been
found to be time-dependent and high levels of ozone
in urban air may persist for hours. As a result, sci-
entists are concerned that current standards may not
fully protect public health (24). Moreover, there is
little evidence of progress in controlling this pol-
lutant. According to the United Nations Environ-
ment Programme (26) average tropospheric ozone
levels have been increasing by approximately 10
percent per year.

Toxicity Concerns Arising from Paint
Solvents
Ozone formation is not the only potential threat
posed by paints to human health and the environ-
ment, although much of their regulation - VOC
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regulations in particular - is addressed to this con-
cern. Table 3-3 presents those hazardous (toxic) air
pollutants, listed in the recently amended Clean Air
Act, that are used as solventsin paints or adhesives.
As noted, many are also included in the list of toxic
chemicals subject to reporting to the US EPA’s Tox-
ics Release Inventory (TRI) when emitted from an
industrial facility. Some of these chemicas are
known, probable, or possible human carcinogens,
while amost al have documented non-cancer toxic
effects, ranging from temporary narcosis™ or irrita-
tion to permanent neurological damage.

Toxic Pigments and Additives in Paint

For amost as long as there has been paint, metals
have been used as pigments or additives. The pur-
poses have ranged from aesthetic (e.g., chromium
compounds provide for brilliant yellows) to practi-
cal (lead, chromium, and cadmium are excellent in-
hibitors of corrosion when applied to metal in paint).
More recently, as waterborne paints came into wide-
spread use, some formulators added mercury in or-
der to inhibit the growth of bacteria and agae that
would ruin the paint.'” The toxic hazards of these
metals have been known for decades (centuries, for
lead), but the realization that their use in paint car-
ried significant risks to human health and the envi-
ronment has been more recent (27), and has led to
efforts to limit this use. These efforts were origi-
nally focused on paint used in dwellings but now
encompass a broader range of applications.’®

Paints for Steel Structure Maintenance:

The Threat of Lead
A particular concern regarding lead, a toxic heavy
metal, in paint involves the maintenance of outside
steel structures such as highway and railroad
bridges. Because of its ability to inhibit corrosion
of steel (such corrosion involves significant safety
hazards as well), lead has long been a key compo-
nent of the paints used to maintain these structures.
In recent times it has become apparent that contin-
ued use of these paints will lead to unacceptable
environmental contamination. Many states (and
other organizations concerned with maintaining

steel structures) are seeking substitutes (27).

Unfortunately, the attempt to replace lead paints
for maintaining existing structures poses a dilemma.
Lead-based paint jobs can be easily repaired by re-
moving paint from small damaged areas and re-
painting with more lead-based paint. Paints with-
out lead, however, do not generally adhere properly
to the remaining old lead paint. This has meant e-
ther continuing to use lead-based paint for mainte-
nance, or completely removing all paint from the
structure.

Complete removal of lead paint from a large steel
structure, using such traditional methods as abra-
sive blasting, usualy leads to excessive lead con-
tamination of the nearby environment (27). When
containment structures have been used to prevent
this general contamination, paint removal workers
have been exposed to unacceptable levels of lead
(27). In either event, abrasive blasting to remove
lead from large structures has led to the generation
of very large quantities of lead-contaminated haz-
ardous waste.

Antifouling and the Concept of Controlled

Toxicity
Sometimes the entire purpose of paint isto be toxic
to certain non-human life forms. Such is the case
for antifouling paints, the most familiar examples
of which are the red paints on the bottom of ships
and the blue or green paints used on pleasure craft.'”
These paints are designed to slowly release into the
water atoxic metal that will prevent the growth on
the hull of a variety of organisms, ranging from
dime to large barnacles (28). Such growth creates
significant resistance to water flow, reducing speed
and increasing fuel consumption.

A dsignificant advance in the effectiveness of these
paints was achieved in the 1970s by the use of
alkyltin compounds® as the toxic agents (28). These
tin compounds greatly increased the service life of
a coat of paint.”* Major savings resulted, as the cost
of putting a ship in drydock for repainting repre-
sents the most significant expense relating to the
use of antifouling paints (29). Unfortunately, by the
end of the decade a large number of scientific stud-
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ies indicated that the akyltin paint formulations
were not only preventing fouling but were also re-
leasing enough tin into coastal waters to damage
populations of aquatic organisms in areas with heavy
boat use (28). Because tin does not degrade, but re-
mains in the aguatic environment for years, contin-
ued use of these paints posed a serious risk of eco-
logical disaster. Accordingly, al formulations except
those demonstrated to have low rates of tin release
were banned.” The bans, while effective in protect-
ing the aguatic environment, substantially removed
the antifouling advantages of the tin-based paints.

Paint Disposal | ssues

Eventually, nearly every painted object will have to
be recycled or disposed of. This might occur within
days or weeks in the case of a package, or only af-
ter decades or even centuries for a sted bridge. In
addition, paint that has been removed from a sur-
face - in preparation for recoating, for example
- and paint that has not been applied within its
working life must be reprocessed or disposed of.
Waste disposal practices, such as landfilling, can
lead to groundwater contamination as toxic chemi-
cals leach out of the wastes. Alternative technolo-
gies, such as incineration, have been found to re-
lease to the atmosphere toxic chemicals, particularly
heavy metals such as lead and mercury that are not
destroyed by incineration or captured effectively by
pollution control equipment on incinerators (30).
Recycling can lead to excessive concentrations of
these toxic chemicals in the recycled paint. The fact
that disposal of paints containing toxic materials pre-
sents intractable problems has led to increased pres-
sure to eliminate these toxic materials.

Adhesives and the Environment

Adhesives contain many of the same chemicals as
paints and raise some of the same concerns, par-
ticularly with regard to solvent evaporation, VOC
release, and toxic risks from solvents. Other sol-
vents used in adhesives, in addition to those identi-
fied as toxic or smog-forming, are associated with
other environmental problems, particularly the
depletion of stratospheric ozone.

The Chemistry of Ozone Depletion

As noted above, not all substances that are VOCs
from a chemical perspective participate in the at-
mospheric reactions with oxides of nitrogen that lead
to ground level ozone formation; consequently, they
have been excluded from VOC regulations. Unfor-
tunately, this lack of reactivity can itself lead to en-
vironmental problems of another sort. Some chlo-
rinsted VOCS® are extremely persistent in the
environment, because they do not become involved
in reactions in the lower atmosphere (troposphere);
instead, they eventualy migrate upwards into the
upper atmosphere (stratosphere).

Conditions in the stratosphere are far different
from those in the troposphere. Ozone is a serious
health threat in the troposphere; in the upper atmo-
sphere, by contrast, it plays avita role in capturing
ultraviolet light (UV) which can have devastating
effects on both human health and the environment
if it reaches the surface® The chlorinated VOCs
that are unreactive in the troposphere break down
under the intense UV conditions of the stratosphere,
releasing chlorine that serves to deplete ozone.”

Table 3-4 presents alist of five groups of ozone-
depleting chemicals (the groups correspond to a set
of reduction mandates, discussed below). The chlo-
rofluorocarbons (CFCs or freons) are perhaps the
best-known ozone-depleting chemicals. Because
these compounds are very unreactive under tropo-
spheric conditions, they have a number of desirable
properties, including lack of flammability and (for
many but not all) minimal toxicity. This has lead to
widespread use, not only in refrigeration (perhaps
the best known use), but as aerosol propellants,
foam-blowing agents, and general solvents.

Though less well-known than CFCs, halons®
carbon tetrachloride and 1,1, -trichloroethane (also
called methyl chloroform) are also significant
sources of ozone depletion. Because of its high tox-
icity, carbon tetrachloride use in the US is largely
limited to a role as a chemical feedstock. In con-
trast, 1,1,| -trichloroethane, because of its low flam-
mability, is widdly used as a solvent, particularly in
adhesives, where low solvent flammability and
minimal toxicity are important concerns. It has been
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estimated that 1,1,1 -trichloroethane causes 15 per-
cent of atmospheric chlorine buildup (3 1).

The Impact of Adhesives on Solid Waste
Management

Adhesives are used in a bewildering array of prod-
ucts, from paper envelopes to automobiles and air-
planes. In recent years, they have come to supplant
mechanical fasteners ranging from staples to bolts
in many applications, where they offer a stronger
and more uniform bond (16). Increasingly, synthetic
polymer adhesives are also replacing traditional
materials derived from plants and animals - veg-
etable oils or horse hooves, for example.

As concern increases over the need to manage
products throughout their life cycle, and particularly
to reuse and recycle products rather than prema
turely disposing of them, the widespread use of syn-
thetic adhesives raises a number of issues. In du-
rable goods, the excellent bonding properties that
make adhesives desirable may interfere with prod-
uct disassembly. In more ephemeral materias, par-
ticularly paper packaging, the adhesives may inter-
fere with the ability to recycle the paper content.

Legislative/Regulatory
Initiatives Addressing
Environmental Concerns

The environmental concerns associated with paints
and adhesives have provided the impetus for a se-
ries of federa and state legidative and regulatory
initiatives. Laws and regulations in foreign coun-
tries may also have a significant impact on the prac-
tices of those US companies serving markets that
are international in scope.

Federal Initiatives

The Clean Air Act and its Amendments

One of the major features of the Clean Air Act
(CAA)® was the establishment in 1970 of primary
National Ambient Air Quality Standards (NAAQS)
for six maor air pollutants, including ozone and

lead. NAAQS are maximum allowable concentra-
tions of these contaminants, as measured over a
specified time period. Many areas, primarily urban,
had and continue to have pollutant levels in excess
of NAAQS; these are designated as “nonattainment”
areas, and are further categorized into six classes,
ranging from “margina” to “extreme.”

In cases of nonattainment, the states are charged
with the responsibility of ingtituting measures to
bring the areas into compliance with the federa stan-
dard; each state produces a State Implementation
Plan (SIP), which must be approved by EPA. Sched-
ules are set for compliance with NAAQS, depend-
ing upon the severity of the nonattainment. When
the CAA was reauthorized and amended in 1990,
many states had failed to reach their goals, and new
compliance schedules were implemented, ranging
from three to 20 years. In addition, the more severe
the nonattainment, the more inclusive the list of
regulated sources of ozone precursor chemicals such
as VOCS.” If astate is in noncompliance and lacks
an approved plan, it faces the loss of federal trans-
portation funding. Currently, more than 100 areas
and 400 cities and towns are out of compliance with
the ozone provisions of the Clean Air Act (32). Fig-
ure 3-1 depicts these areas on a map of the United
States.

Six states, as part of their implementation plans
for controlling ozone under the law, have instituted
controls on the VOC content of paints, either state-
wide or those used in designated nonattainment ar-
eas (described below). (Lead use in paints would
fall under this law primarily because lead becomes
suspended during abrasive paint removal. This pro-
cess is unlikely, however, to cause the widespread
air contamination that is regulated under the Clean
Air Act.)

Regulatory Negotiations for Architectural
and Industrial Maintenance Coatings

In late 1990, under the Negotiated Rulemaking Act
of 1990 and the CAA, EPA convened a negotiated
rulemaking committee to address the VOC content
of paints for architectura or industrial maintenance
(AIM) uses. This committee included eight con-
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Figure 3-1: Ozone Nonattainment Areas, 1989-1991, pursuant to the Clean Air Act, 1990
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sumer representatives, three representatives from
environmental groups, 18 representatives from the
paint industry, one labor representative, five repre-
sentatives of state governments, one EPA represen-
tative, and one Federal government observer. The
committee attempted to develop a nationwide con-
sensus strategy for regulating the VOC content of
these paints.

On July 30, 1993, the committee reached a ten-
tative understanding on a regulatory framework, and
EPA thereafter issued a draft paper for comment.
The framework includes five principal components:
. A three-stage VOC emission reduction plan that

cals for reductions in VOC content of 25 per-

cent from 1990 levels by 1996, 35 percent by

2000, and 45 percent by 2003.%*

. A fee that companies will be required to pay if
they do not meet requirements and the industry
overall has not met the 2000 or 2003 targets.

. Performance evaluation checkpoints.

. AIM coatings manufacturers must register
with EPA and submit inventories in an indus-
try-wide survey for compliance verification
every year, especialy for the reduction target
years of 1996, 2000, and 2003.

. Each company is to be evaluated after the 1996
standards to determine the impact of the 1996
standards on coating performance in each of
the mgjor coating categories.

. An advisory committee to EPA is to report the
findings of the survey and performance evalu-
ations.

. After evaluation, EPA can advise or take other
action if “adequately performing products are
not available.”

. A two-year extension for small companies. (The
size definition, based on annual sales, has not yet
been finalized.)

. Either an exemption status for specialty coating
categories that are manufactured in extremely
small quantities, or a special Table of Standards
for these coatings.

Yet to be addressed and clarified are the quan-
tity, criteria, and activities that result in fees, the

means of conducting performance evaluations, pos-
sible exemptions for zero or low VOC products,
means of addressing new acquisitions by compa-
nies, and finalization of a method for calculating
corporate average emissions. Category definitions,
administration, and labeling reguirements are not
included in the framework because they were &i-
ther discussed earlier or may require further discus-
sion. Among the issues of continuing concern are
the use of a company-specific 1990 baseline (which
would penalize companies that had made reductions
earlier), the fee system, and the certification of per-
formance. Further, a group of small manufacturers,
under the aegis of the Alliance of Local and Re-
gional Manufacturers (ALARM), has protested that
the proposed scheme favors large manufacturers,
which are able to invest more funds in developing
low-VOC products.

Regulation of Air Toxics

One of the distinctive features of the CAA amend-
ments of 1990 is the inclusion”’ of alist of 189 Haz-
ardous Air Pollutants, subject to revision by EPA;
EPA must set emission standards for the various
sources of these pollutants. As can be seen from
Table 3-3, at least 50 solvents used in paints or ad-
hesives are to be found among these 189 chemi-
cals. Thus, facilities that are regulated under this
section of the law may be concerned with the con-
tribution to their emissions that comes from either
production or use of paints and/or adhesives.

The Montreal Piotocol and Title VI of the
Clean Air Act

In response to concern about the globa environ-
mental threat posed by depletion of stratospheric
ozone, industridlized nations have instituted bans
on nonessentia uses of CFCs. In 1987, 71 nations,
including the United States, signed the Montreal
Protocoal, to take effect in 1989; the protocol com-
mitted the signatories to freeze consumption® of five
CFCs at 1986 levels by July 1989, to freeze three
halons by 1992, and to begin reductions in consump-
tion. Subsequent meetings led to an agreement, in-
corporated into Title VI of the 1990 Clean Air Act,
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to completely phase out the specified substances by
the year 2000, except for 1,1,1-trichloroethane,
which was to be phased out by 2002. In early 1992,
President Bush accelerated the US timetable, call-
ing for a complete phaseout of all Class | substances
(those in Table 3-4, plus 1,1,1-trichloroethane), by
the end of 1995.

The Lead-Based Paint Poisoning
Prevention Act

The hazards of exposure to lead in residential paints
were addressed in the 1971 Lead Based Paint Poi-
soning Prevention Act, amended in 1973 and 1976.
The 1973 amendments defined lead-based paint as
any paint containing 0.06 percent lead, reflecting
the assumption that an ingestion of 300 micrograms
per day or less of lead would not lead to toxicity.
The 1976 amendments directed the Consumer Prod-
uct Safety Commission (CPSC) to determine
whether a level of lead in paint higher than 0.06
percent, but less than 0.5 percent, was safe. Because
CPSC determined that data were not available to
support such a determination, the 0.06 percent stan-
dard has remained in effect; it applies to all paint
manufactured after June 22, 1977.

The original Act provided for programs to abate
lead contamination in houses. Yet, as of 1988, the
Department of Housing and Urban Development de-
termined that 52 percent of US housing still con-
tained lead levels in excess of safety standards, a-
though, of the estimated 57 million homes harboring
lead-based paint, less than 7 percent posed an ex-
posure risk to young children. The federa prohibi-
tions on use of lead-based paint apply to those ar-
chitectural paints for interior residential uses, as well
as to paints for toys, furniture, and food-related uten-
sils.

RCRA and Waste-Related Hazards

The Resource Conservation and Recovery Act
(RCRA), passed in 1976 as an amendment to the
1965 Solid Waste Disposal Act and 1970 Resource
Recovery Act, was itself amended in 1984 (the Haz-
ardous and Solid Waste Amendments). One of the
key features of RCRA, as amended in 1984, is a

ban on the land disposal of various classes of waste,
including liquid wastes with 500 milligrams per li-
ter of lead (banned as of July 1987). In 1990, EPA
issued regulations on land disposal (the “third third”
regulations) (33), requiring treatment prior to land
disposa of any waste that contained water-soluble
toxic constituents.® Many wastes generated by re-
moval of lead-based paint require treatment under
this standard.

In addition to RCRA’ s regulation of the disposal
of removed lead paint as waste, the Comprehensive
Environmental Response, Compensation, and Li-
ability Act (CERCLA, also known as Superfund)
and the Clean Water Act specify that waste lead from
paint remova must be prevented from being re-
leased to the environment. Under these statutes, any
releases of |ead-contaminated wastes (including re-
moved paint) in quantities greater than 10 pounds
must be reported (34). The requirements of RCRA
and CERCLA have made proper disposal of lead
paint wastes much more expensive.

Protecting Workers from Lead Exposure
The Occupational Safety and Health Administra-
tion (OSHA) sets standards to control exposures to
toxic chemicals in workplace air. These standards
affect not only toxic solvents that may be released,
for example, in the course of manufacturing or ap-
plying paint, but also chemicals such as lead. Con-
struction work was covered by a less stringent stan-
dard than that for in-factory work prior to 1993, but
OSHA recently extended to the construction indus-
try the Permissible Exposure Level requirements on
lead exposure; this will significantly affect such
tasks as removing lead from bridges, lessening the
economic advantage of spot removal by requiring
the same level of precaution as for structure-wide
removal.

State Initiatives

States have initiated a variety of measures to con-
trol VOCs and toxic chemicals in paints and adhe-
sives, in some cases to meet requirements of fed-
egd law (eg., State Implementation Plans under
CAA) or on their own authority. These regulations
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will affect not only customers of paints and adhe-
sives within a state, but also any supplier who wishes
to operate in that market. While for some products
it may be desirable to produce a specialized variant
to meet state requirements (the modification of cars
specifically to meet California emissions require-
ments, for example), in the usual case a supplier
has a choice of either modifying its entire product
line to fit state specifications, or abandoning the
market in that state.

Nonattainment Areas and

Local VOC Control

INForM has identified six states (Arizona, Califor-
nia, Georgia, New Jersey, New York, and Texas)
that have issued regulations on the allowable VOC
content in paints or adhesives, either statewide or
for designated nonattainment areas. Tables 3-5 and
3-6 present, respectively, the regulations of the six
states affecting the VOC contents of paints and of
industrial coatings. While the states vary somewhat
with regard to which specific architectura coatings
are regulated, by and large (with the exception of
Texas), they regulate the same coatings, and have
established comparable standards. The digtinctive
pattern of Texas regulations may reflect the exten-
sive presence of petrochemical facilities in many
of the areas covered by the regulation. There is less
consistency for industria surface coatings, with
New Jersey and New York regulating more kinds
of coatings, and with Arizona regulating aerospace
coatings not covered by other states. This may,
again, reflect the industries that are prevalent in the
areas covered by regulation.

In Arizona, regulations on the VOC content of
architectural and specialty coatings have been es-
tablished by Maricopa County (which contains the
metropolitan Phoenix area). The county regula-
tions® limit to 250 grams per liter (2.1 pounds per
gallon) the VOC content of flat and non-flat archi-
tectural coatings manufactured after July 13, 1990.
In addition, a range of specialty coatings, if manu-
factured after July 13, 1991, have specific limits
ranging from 2.1 pounds per gallon for traffic coat-
ings to 3.5 pounds per gallon for industrial mainte-

nance coatings. Lacquers are allowed to contain 5.7
pounds of VOCs per gallon.

In California, with its longstanding problem of
smog and ozone, particularly in the southern part
of the state,® controls are in place that affect not
only vehicles (such as the longstanding requirement
for additional auto pollution control devices and the
recent initiatives to promote cleaner burning fuels
and electric vehicles), but also numerous consumer
and industrial products and processes. For example,
as of January 1, 1993, it became illegal® to sell con-
sumer products in California, including (but not lim-
ited to) air fresheners, architectural coatings, vari-
ous cleaners for automobile use, household sealants
and caulking compounds, and paints, if those prod-
ucts contained any of the ozone-depleting sub-
stances listed in Groups |, I1, IV, or V in Table 3-4;
these restrictions also apply to five hydrochloro-
fluorocarbons (HFCs), which are sometimes used
as CFC substitutes.

In addition to the specific prohibition on prod-
ucts that contain these ozone-depleting substances,
California sets limits on the VOC content of awide
variety of consumer products, including household
adhesives. More specific regulations, including
those on paints and coatings, are primarily the re-
sponsibility of the state's Air Quality Management
Districts.

These districts issue specific local regulations for
defined areas that form a part of California's State
Implementation Plan. For example, in the South
Coast Air Quality Management District,®” the goal
is to reduce total VOC emissions by 45 tons per
day. This has required the state to address items rang-
ing from commercia dry cleaning to the use of char-
coal lighter fluid and certain deodorants. Rules de-
signed to limit VOC releases from paints and wall
coverings to atotal of 4.5 tons per day specify lim-
its on VOC content (35). Currently, architectural
coatings are limited to 250 grams of VOCs per liter
of paint (roughly two pounds per gallon).* The Bay
Area Air Quality Management District™® also re-
stricts VOC content to 250 grams per liter.*

Georgia's Rules for Air Quality Control* regu-
late emissions of VOCS* While these regulations
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apply statewide, sources in 13 counties that emit
less than 15 pounds of VOCs per day are exempt.
For paints and adhesives, these regulations apply
primarily to materials used in industrial operations.
They range from a low of 1.2 pounds of VOCs per
galon of electrophoretically® applied automotive
primer to 15.1 pounds per gallon for sprayed auto-
motive topcoats.

New Jersey’s Bureau of Air Pollution Control
regulates VOCs.* The rules provide formulas for
calculating allowable VOC content for surface coat-
ing and graphics arts applications, as well as in vari-
ous industrial operations. Architectural coatings
have limits ranging from 0.8 pounds of VOCs per
gallon of bituminous pavement sealer to 7.1 pounds
of VOCs per gallon of fire retardant coating.

In New York, asimilarly wide range of products
and processes is subject to VOC regulation in the
New York City metropolitan area. For architectural
surface coatings, total allowable VOCS®™ vary with
the nature of the coating, from 200 grams per liter
(1.67 pounds per gallon) for mastic texture coat-
ings to 730 grams per liter (6.1 pounds per gallon)
for clear shellac.

Texas regulates VOC emissions from surface
coating processes in the Beaumont/Port Arthur,
Dallas/Fort Worth, El Paso, and Houston/Galveston
areas.” The listed processes are primarily industrial
(e.g., cail coating, furniture coating), but the regu-
lations are not limited to listed processes. Specific
emissions limits include 2.2 pounds per gallon (260
grams per liter) for non-flat and flat latex paints,
3.5 pounds per gallon (420 grams per liter) for inte-
rior alkyd paints, 4.0 pounds per gallon (480 grams
per liter) for exterior akyd paints, and 4.5 pounds
per galon (540 grams per liter) for epoxy paints.

Northeastern States Ban

Heavy Metals in Paints

Under the leadership of the Council of Northeast
Governors (CONEG),"” 16 states have mandated the
removal of heavy metals from paints. The moded
legidation (36) imposes a limit of 600 parts per
million™ of cadmium, hexavalent chromium, lead,
or mercury in paints within two years of the effec-

tive date, decreasing to 250 parts per million in the
third year and 100 parts per million in the fourth
year. Table 3-7 presents the adoption and initial com-
pliance dates for each of the 16 states that have
adopted the model legidlation and the three states
in which such legidation is pending.

Overseas Legislation & Regulation

Just as state regulations affect any firm with a na-
tional market, foreign regulations affect the opera-
tions of multinational companies. Three areas of
regulation appear likely to influence the paints and
adhesives industries in the near future: air regula
tion, packaging regulation, and eco-labeling require-
ments.

Clean Air Regulations

By 1991, 23 countries had signed the 1979 United
Nations Economic Commission for Europe's Con-
vention on Transboundary Air Pollution, commit-
ting them to reduce VOC emissions 30 percent by
2000® (38). Specific implementing regulations are
left up to the signatory countries, and appear still to
be under development in many countries. The de-
gree of control on paints and adhesives (as opposed
to transportation, for example) may vary from coun-
try to country.

Germany’ s regulatory apparatus is similar to that
of the United States, with regulations both at the
federal level and by the states (Lander). Lander des-
ignate investigation areas and smog areas, and fed-
era regulations affect responses to smog at each of
three intensity levels. When the second levd is ex-
ceeded, traffic restrictions are implemented; when
the third leve is exceeded, industrial activities are
suspended (37). It is also expected that these VOC
commitments will affect the coatings industry in the
signatory countries, German regulations already
specify maximum VOC emissions for coating op-
erations.

Packaging Control Regulations

The packaging regulations that took effect in Ger-
many in 1992, and may be adopted by other Euro-
pean Union (EU) members, are expected to encour-
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age the development of more recyclable packag-
ing. These market-based regulations give compa-
nies the option of either accepting their packaging
material back from their customers or, as most com-
panies have done, forming and participating in a
recycling consortium, known as the Dua System;
packages judged acceptable are marked with a re-
cycling symbol known as the “green dot.” The Dua
System collects packaging materials from consum-
ers and grants the green dot to companies.

Thus far, the program has been struggling with a
superabundance of plastics products that it has col-
lected, far in excess of its apparent recycling capa-
bilities. The system has recently revised its fee struc-
ture in an effort to better reflect the true costs of
recycling different types of packaging. This can be
expected to provide incentives to develop more eas-
ily recycled packaging and to provide disincentives
for packages made of multiple, inseparable materi-
als or materials with adhesives or coatings that in-
terfere with recycling. Germany’s regulations and
program are analyzed in detail in inForM s 1994
report, Germany, Garbage, and the Green Dot:
Challenging the Throwaway Society.

Eco-labeling Requirements

The European Union has adopted a voluntary envi-
ronmenta labeling scheme. “Eco-labels’ will pro-
vide a general description of a product’s environ-
mental effects. France has taken the lead on the
standards for paint labeling. Once these criteria are
approved through the EU, manufacturers may but
are not required to apply to have their products cer-
tified for the EU eco-label. Products that do not meet
the standard may still be marketed. While the pro-
cedures used to develop such labels have engen-
dered much controversy in the international scien-
tific community, guiddines for a paint eco-label
were to be released in 1994 (38).

Consumer Demand for
Environmentally Improved
Paints and Adhesives

Direct regulation of producers of paints and adhe-
sives is not the only factor driving environmental
improvements in these products. Other types of
regulation are indirectly stimulating change, as well.
For example, the regulations on the disposal of
wastes containing lead, noted above, may signifi-
cantly decrease demand for lead-based paints, as
commercial consumers of paints must consider not
only the cost of purchasing the paints, but also the
eventual costs of removing and disposing of them.
Similarly, if an industrial plant that paints its prod-
ucts is required by regulations to decrease its total
VOC emissions, it may determine that the easiest
way is to seek low-VOC paints from suppliers; these
suppliers in turn may seek alternatives from resin
formulators, who in turn may seek low-VOC alter-
natives to their way of doing business.

Customer Demand -

Industrial Consumers

Large industrial consumers of paints and adhesives
are beginning to exert pressure on suppliers of these
materials to decrease the content of VOCs and other
toxic or environmentally damaging materials. When
setting up plants for its new Saturn line of automo-
biles, for example, General Motors made an explicit
commitment to purchase the most environmentally
acceptable materials available (39). More recently,
the three magjor US automakers, operating under the
US Council for Automotive Research (USCAR),
announced a joint program to develop low-emis-
sions systems for painting cars (40). Few paint
manufacturers interested in supplying the automo-
bile paint market can afford to ignore such an ini-
tiative.

Even if paints and adhesives are not used to a
large extent in producing goods at a plant, there may
be incentives to minimize the VOC content of the
materials that are used to maintain the plant itsalf,
such as architectural and industrial maintenance
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paints. A company that is near its regulatory limits
on VOC emissions may not be able to accept the
additional emissions caused by maintenance activi-
ties. Alternatively, use of low-VOC paints inside
industria buildings may help to meet OSHA stan-
dards for exposure to workers, or minimize the
downtime caused by keeping workers outside of a
freshly painted work area.

Customer Demand - End Users

Industrial consumers are not the only source of pres-
sure for environmentally improved products.
INForM researchers, checking local public librar-
ies, located six books published since 1989 that gave
consumer advice on environmentaly preferable
products (41-46). These contain suggestions on
paints that ranged from using water-based instead
of solvent-based paints, to recommending specific
brands of non-VOC or plant-based paints. That these
books may reflect real market pressures is suggested
by the fact that, for the two for which sales figures
were available, one had sold 800,000 copies, and
the other in excess of 5 million copies.

Nor is consumer pressure limited to books. Two
environmental labeling organizations are now op-
erating in the United States.® Both of these, Green
Seal and Scientific Certification Systems (SCS),
have focused on environmental concerns affecting
paints. Green Seal’s practice is to issue a peer-re-
viewed standard for a class of products, and then to
license a label designation for paints that meet that
standard. The paint standard was issued in May 1993
and specifies maximum VOC content for interior
and exterior, flat and non-flat coatings, as well as
listing 25 chemical compounds that must not be used
in ingredients, and requiring that lead is not used in
the paint can.

SCS does not write standards, but rather certi-
fies specific claims, as well as certifying that the
clam is environmentaly significant. At present,
SCS does not certify paints as low VOC, but only
as VOC-free. This entails a measurement of less than
1 gram per liter by gas chromatography/mass spec-
troscopy.” SCS also employs a broader definition
of VOCs than that specified in federal regulations.

At present, neither labeling organization ad-
dresses the environmenta characteristics of adhe-
sives. Green Sed, however, has circulated a draft
standard for adhesives (as well as a separate stan-
dard for sedlants and caulking compounds). This
standard specifies that the sealant not be formulated
with VOCs in excess of 20 grams per liter, nor with
any aromatic solvents, borax, formaldehyde, halo-
genated solvents, or compounds of mercury, lead,
cadmium, or hexavalent chromium. As in the case
of paints, the standard also establishes requirements
for the adhesive's packaging.

Notes

1. The term “akyd,” denoting a combination of aco-
hol and acid, refers primarily to synthetic resins that
came to substitute for natural cils (e.g., linseed ail)
in the 1930s and 1940s.

2. The market in western Europe is nearly as large.

Estimates of paint sales in both dollar and gallon
terms vary somewhat between sources.

4. 900 million pounds of pigments are represented by
Titanium dioxide, a white pigment widely used be-
cause of its good hiding power. A 1982 estimate by
EPA (published in 1990) indicates that approximately
9 percent of pigments contained lead or chromium
compounds (47).

5. There are at least four theories as to what defines an
adhesive. Perhaps the clearest approach to classify-
ing adhesives is by their mode of application and set-
ting; curing or setting mechanisms include many of
the chemical reaction types described for paints.
Among these are cooling of a thermoplastic mate-
rial, evaporation of a solvent or carrier, in situ poly-
merization, and pressure-sensitive adhesives.

6. Including the environment inside buildings.

7. The troposphere extends from the ground’s surface
to a height of 6-10 kilometers (3-6 miles).

8. The stratosphere extends beyond the troposphere to
a height of 50 kilometers (30 miles) above the earth’s
surface.

9. Regulatory definitions of VOCs from a variety of
sources can be obtained by contacting | NFORM

10. Cadlifornia does classify VOCs on the basis of their
vapor pressure at 20°C.

11. Participation in chemica reactions that are influenced
by light, such as the formation of smog.
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12. Test methods are given in Appendix A of 40 CFR
Part 60.

13. At least twelve of these compounds are reported to
be used in paints or adhesives.

14. See the discussion on ozone formation in the follow-
ing section.

15. The others are carbon monoxide, lead, nitrogen di-
oxide, and sulfur oxides. Thereis also a NAAQS for
particulate matter (dust).

16. Narcosis: stupor or unconsciousness.

17. This was not generally a problem in earlier solvent-
borne paints, as the solvents were sufficiently toxic
to preclude the growth of microorganisms.

18. The concern over lead-based paint in dwellings is
continuing, given the long history of use of lead paint
and the fact that paint is generally covered over, rather
than removed. This means that older housing stock
may have a significant amount of lead on its walls.

19. They are also important in many situations where
water is being used in industry (for example, in cool-
ing a power plants). While the following discussion
is phrased in terms of ships, it applies equally to in-
dustrial uses of these paints.

20. These are chemical compounds that combine hydro-
carbon groups with tin, increasing the tendency of
the toxic tin to be absorbed by living organisms.

21. Because these paints work by releasing the toxic
chemical, they eventualy “wear out,” having too little
toxic chemical content to inhibit the growth of ma
rine organisms.

22. Earlier copper-based formulations, |ess effective than
the original tin formulations, are also available.

23. That is, chemica compounds that incorporate both
carbon and chlorine.

24. Including an increased incidence of melanoma, cata-
racts, and immune-system damage, as well as dam-
age to crops and other vegetation.

25. Thisis a highly simplified discussion. The scientific
consensus on the role of these chemicals in ozone
depletion is overwhelming, despite the criticisms of
some politicians and pundits. (48,49)

26. These are bromofluorocarbons, with atmospheric
chemistry similar to that of CFCs. One major use is
as a fire extinguishing agent.

27. Because of its low cost, carbon tetrachloride is used
in a wider range of applications in the developing
world.

28. (Public Law 159,42 USC. 7401-7626) The law was
originaly passed in 1955, and amended in 1963,
1965,1966,1967,1970,1974,1977,1981 and 1990.
The 1970 amendments provided for the establishment
of NAAQS.

29. Reductions are required by sources emitting the fol-
lowing quantities of ozone precursors:

100 tons of precursors per year in marginal and
moderate areas

50 tons per year in serious areas

25 tons per year in severe areas

10 tons per year in extreme areas

Moderate to extreme areas of nonattainment have
six years to reduce their emissions by 15 percent.

They must then reduce them 3 percent each year
after that. (50, p. 125)

30. Based either on a standard table of emissions, or as a
corporate average VOC emission (CAVE).

31. In section 112.

32. Defined as the amount produced plus the amount im-
ported, minus the amount exported.

33. The presence of toxic constituents is measured by
the “toxicity characteristic leaching procedure.”

34. Rule 335 for architectural coatings and rule 336 for
industrial coatings.

35. In 1989, air qudity in Los Angeles was deemed by
the state to be unacceptable on more than 180 days.

36. Under Subchapter 8.5, Article 2, Section 2.

37. Comprising the greater Los Angeles urban area (Los

Angeles, Orange, and Riverside Counties, and west-
em San Bernardino County).

38. Under Rule 1113.
39. Constituting the greater San Francisco metropolitan
area (Alameda, Contra Costa, Marin, Napa, San Fran-

cisco, and Solano Counties, and southern Sonoma
County).

40. Regulation 8, Rule 3.
41. Chapter 391-3-1.
42. Contact 1nrorv for Georgia's definition of VOCs.

43. Electrophoretic application: the use of electric charge
to enhance the adhesion of paint particlesto a (metal)
surface. Widely used in painting automobiles by im-
mersion in tanks of paint.

44. Under Chapter 7:27, Subchapter 16.

45. As specified in Part 205. Part 228 specifies appli-
cable limits for various industrial operations.
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46. Under Section 115.421

47. The Council includes the governors of nine states in
the Northeast. A Source Reduction Council operat-
ing under CONEG auspices included representatives
from industry and environmental groups, and pro-
duced model legidation for packaging materials.

48. That is, 600 parts of the regulated material in each 1
million parts of the paint.

49, The selection of the base year was |€ft to the discre-
tion of the individua country, to avoid penalizing
those with early achievements. Germany’s base year
is 1988 (37).

50. Unlike the situation in the EC, these organizations
are private (nonprofit), and have no government au-
thority.

51. This analytical technique is far more sensitive and
accurate than that specified in EPA regulations.
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Table 3-1: Chemicals Excluded from Definition as Volatile Organic Compounds
(VOCs) by Various Regulatory Authorities

Regulatory Authorities

CAS Excluded by Excluded by Excluded by Excluded by
Number Chemical EPA California New York New Jersey
506876 Ammonium carbonate X X X
124389 Carbon dioxide X X X
630080 Carbon monoxide X X X
463796 Carbonic acid X X X
Certain classes of Perfluorocarbons* X X X
76131 CFC-113/Freon 113 X X X X
76142 CFC-114 X X X X
76153 CFC-115 X X X X
63938103 Chloro-1,11,2-tetrafluoroethane, 2- X X X
75683 Chlorodifluoroethane X X X
75456 Chlorodifluoromethane X X X X
306832 Dichloro-1,1,1-trifluoroethane, 2,2- X X X
75718 Dichlorodifluoromethane X X X X
25167888 Dichlorofluoroethane X X X
75376 Difluoroethane X X X
74840 Ethane X X
Metallic Carbides or Carbonates X X X
74828 Methane X X X X
75092 Methylene chloride X X X
556672 Octamethylcyclotetrasiloxane X
354336 Pentafluoroethane X X X
811972 Tetrafluoroethane, 1,1,1,2- X X X X
359353 Tetrafluoroethane, 1,1,2,2- X X X X
71556 Trichloroethane, 1,1,1- X X X
75694 Trichlorofluoromethane X X X X
420462 Trifluoroethane, 1,1,1- X X X
75467 Trifluoromethane X X X X

* Perfluorocarbons which fall in the following categories:

1. Cyclic, branched, or linear, completely fluorinated alkanes;

2. Cyclic, branched, or linear, completely fluorinated ethers with no unsaturations;

3. Cyclic, branched, or linear, completely fluorinated tertiary amines with no unsaturations; and

4. Sulfur containing perfluorocarbons with no unsaturations and with sulfur bonds only to carbon and fluorine.

Note: CAS Number is the Chemical Abstracts Service Registry Number

Source: EPA-40 CFR 51.100; New Jersey-N.J.A.C. 7:27-23.2, page 27-130; New York-Part 200.1 (lll); California-Cal. Code of Regs. 17:94508(a)(90)
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Table 3-2: Naturally Occurring and Synthetic Volatile Organic Compounds (VOCs)
with Highest Concentrations in an Urban Environment, in Decreasing
Order

Used in Paints

Order CAS Number Chemical Biogenic or Adhesives*

1 78784 i-pentane

2 106978 n-butane X

3 108883 toluene X

4 99876 p-cymene X X

5 109660 n-pentane

6 71432 benzene X

7 m- and p-xylene X

8 107835 2-methyl oentane

9 110827 cyclohexane X

10 591764 2-methyl hexane

1 74840 ethane

12 112196 undecane X

13 74986 propane

14 75285 i-butane

15 78795 isoprene X

16 74862 acetylene

17 110543 n-hexane X

18 m- and p-ethyl toluene

19 94140 3-methyl pentane

20 74851 ethylene

21 96377 methyl cyclopentane X

22 100414 ethylbenzene X

23 95476 o-xylene X

24 589344 3-methyl hexane

25 565593 2,3-dimethyl pentane

26 105055 1,4-diethyl benzene

27 23436193 iso-butene

28 540841 2,2 A-trimethyl pentane

29 95636 1,2,4-trimethyl pentane
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Table 3-2: Naturally Occurring and Synthetic Volatile Organic Compounds (VOCs)
with Highest Concentrations in an Urban Environment, in Decreasing
Order (continued)

Used in Paints

Order CAS Number Chemical Biogenic or Adhesives*
30 538932 i-butvl benzene
31 513359 2-methyl-2-butene
32 108678 1,3,5-trimethyl benzene X
33 287923 cyclopentane
34 115071 propene
35 98828 i-propyl benzene

Note: Only two (p-cymene and isoprene) VOCs are of natural origin (biogenic).

Source: Top 35 VOCs Measured at Georgia Tech Campus, Atlanta, GA, 1100-1400 hours, 7/13/81 - 8/03/81, from W. A. Lonneman, S. L. Kopczynski,
P. E. Darley, and F. D. Sutterfield, “Hydrocarbon composition of urban air pollution,” (Environ. Sci. Technol. 8:229-236, 1974) in National Research
Council Committee on Tropospheric Ozone Formation and Measurement, Rethinking the Ozone Problem in Urban and Regiona/ Air Pollution,
National Academy Press, 1991.

* Sources indicating use in paints or adhesives:

(1) Browning, Ethel, Toxicity and Metabolism of Industrial Solvents, Elsevier Publishing Company, 1965.

(2) Marsden, C. and Seymour Mann, So/vents Guide, Cleaver-Hume Press Ltd., 1963.

(3) Kirk-Othmer, Concise Encyclopedia of Chemical Technology John Wiley & Sons, 1985.

(4) American Institute of Architects, ALA Environmental Resource Guide Subscription, January 1993.

(5) Center for Economics Research, Paint Waste Reduction and Disposal Options, Volume |, State of lllinois 92/250, February 1993.
(6) 58FR28157, May 12, 1993.

(7) Montgomery, J. and L. Welkom, Groundwater Chemicals De&Reference, Lewis Publishers, 1990.

(8) Montgomery, J., Groundwater Chemicals Desk Reference, Volume Il Lewis Publishers, 1991.

(9) Turner, G.P.A,, Introduction Paint Chemisty and Priniciples of Paint Technology Third Edition, Chapman & Hall, 1991.
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Table 3-3: Hazardous Air Pollutants, as Listed in the Clean Air Act, 1990, that are

Used in Paints or Adhesives

EPA
CAS Carcinogen TRI
Number Chemical Classification Chemical
60355  Acetamide X
79061  Acrylamide B2 X
79107 Acrylic acid X
107131 Acrylonitrile B1 X
107051 Allyl chloride C X
62533 Aniline B2 X
71432 Benzene A X
106990  Butadiene, 1,3- B2 X
105602  Caprolactam
120809  Catechol X
98828  Cumene X
107062  Dichloroethane, 1,2- B2 X
111444 Dichloroethyl ether B2 X
111422 Diethanolamine X
60117 Dimethyl aminoazobenzene X
68122  Dimethyl formamide
131113 Dimethyl phthalate D X
106898 Epichlorohydrin B2 X
140885 Ethyl acrylate B2 X
100414 Ethylbenzene D X
106934  Ethylene dibromide B2 X
151564 Ethylene imine X
50000 Formaldehyde Bl X
118741 Hexachlorohenzene B2 X
110543  Hexane N-
123319 Hydroquinone X
78591 Isaphorone C
108316 Maleic anhydride X
67561  Methanal X
78933  Methyl ethyl ketone D X
108101 Methyl isohutyl ketone X
75092 Methylene chloride B2 X
91203 Napthalene D X
98953 Nitrohenzene D X
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Table 3-3:

Hazardous Air Pollutants, as Listed in the Clean Air Act, 1990, that are

Used in Paints or Adhesives (continued)

EPA
CAS Carcinogen TRI
Number Chemical Classification Chemical
79469  Nitropropane, 2- B2 X
87865  Pentachlorophenol B2 X
108952 Phenol D X
75569  Propylene oxide B2 X
100425  Styrene X
79345  Tetrachloroethane, 1,1,2,2- C X
108883 Toluene D X
584849  Toluene diisocyanate, 2,4- X
71556 Trichloroethane, 1 ,1,1 - D X
79016  Trichloroethylene X
88062  Trichlorophenol, 2,4,6- B2 X
108054 Vinyl acetate X
75014 Vinyl chloride A X
1330207 Xylenes, mixed D X
108383 Xylene, m- X
95476 Xylene, o- X
106423 Xylene, p- X

Notes:

CAS Number is the Chemical Abstracts Service Registry Number.

TRI Chemicals are chemicals for which releases and transfers must be
reported to the Toxics Release Inventory.

EPA assigns one of six class designations to toxic chemicals reflecting
the weight of evidence indicating that the chemical can cause can-
cer in humans:

A = Known human carcinogen

B1= Probable human carcinogen, limited human data

B2= Probable human carcinogen, inadequate human data

C = Possible human carcinogen

D = Not classifiable as human carcinogen

E = Evidence that not carcinogenic in humans

* Sources indicating use in paints or adhesives:

(1) Browning, Ethel, Toxicity and Metaholism of Industrial Solvents,
Elsevier Publishing Company, 1965.

(2) Marsden, C. and Seymour Mann, Solvents Guide, Cleaver-Hume
Press Ltd., 1963.

(3) Kirk-Othmer, Concise Encyclopedia of Chemical Technology John
Wiley & Sons, 1985.

(4) American Institute of Architects, AM Environmental Resource Guide
Subscription, January 1993.

(5) Center for Economics Research, Paint Waste Reduction and Dis-
posal Options, Volume |, State of lllinois 92/250, February 1993.

(6) 58FR28157, May 12, 1993.

(7) Montgomery, J. and L. Welkom, Groundwater Chemicals Desk Ref-
erence, Lewis Publishers, 1990.

(8) Montgomery, J., Groundwater Chemicals Desk Reference, Volume
I, Lewis Publishers, 1991.

(9) Turner, G P. A, Introduction to Paint Chemistry and Principles of
Paint Technology Third Edition, Chapman & Hall, 1991.
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Table 3-4: Class | Ozone-Depleting Substances, as Listed in the Clean Air Act, 1990

CAS Ozone-Depletion
Number Chemical Potential
Group |
75694 Chlorofluorocarbon-11 (CFC-11) 1.00
75718 Chlorofluorocarbon-12 (CFC-12) 1.00
76131 Chlorofluorocarbon-113 (CFC-113) 1.00
76142 Chlorofluorocarbon-114 (CFC-114) 0.80
76153 Chlorofluorocarbon-115 (CFC-115) 0.60
Group Il
353593 Halon-1211 3.00
75638 Halon-1301 10.00
25497307 Halon-2402 6.00
Group Il
75729 Chlorofluorocarbon-13(CFC-13) 1.00
354563 Chlorofluorocarbon-111(CFC-111) 1.00
76120 Chlorofluorocarbon-112(CFC-112) 1.00
Chlorofluorocarbon-211(CFC-211) 1.00
Chlorofluorocarbon-212(CFC-212) 1.00
Chlorofluorocarbon-213(CFC-213) 1.00
Chlorofluorocarbon-214(CFC-214) 1.00
Chlorofluorocarbon-215(CFC-215) 1.00
42560985 Chlorofluorocarbon-216(CFC-216) 1.00
Chlorofluorocarbon-217(CFC-217) 1.00
Group IV
56235 Carbon tetrachloride 1.10
Group V
71556 Methy! chloroform 0.10

Notes:

(1) Class | substances are CFCs, halons, carbon tetrachloride (phase-out date is the year 2000), and methyl chloroform (phase-out date is the year
2002).

(2) Groups | through V are categorized according to the chemical structure of the substance and an ozone-depletion potential of 0.2 or greater.

(3) Ozone-depletion potential is a factor established to reflect the tendency of a substance to deplete ozone from the stratosphere relative to that of
chlorofluorocarbon-11 (CFC-11).

(4) Class Il substances, not listed above, are hydrochlorofluorocarbons (HCFCs) which will be phased out by the year 2030.
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Table 3-5: Maximum Allowable VOC Content in Architectural Coatings, as Specified
in State Regulations (grams of VOC per liter of coating)

Type of Architectural Coating Arizona(a) BAAQChjgorSr](I:aAQMD New Jersey New York(b) Texas(c)
Below-ground wood preservatives 350 (d) (d)
Bituminous pavement sealer (e) (e) (d) 100 (e)
Bond breakers 350 600 600
Concrete curing compounds 350 350 350 350 350
Dry fog coatings (d) 400 400
flats 420 400
non-flats 400 400
Enamel undercoaters 350 350 (d) (d) (d)
Epoxy paints (d) (d) (d) (d) 540
Exterior alkyd paints (d) (d) (d) (d) 480
Fire retardant coatings
clear 650 (d 850
pigmented 350 (d) (d
opaque (d 500 500
all others (d) 850 (d)
Flat architectural coatings 250 (d) 250 (d)
Form release compounds (d) 250 (d) (d)
Graphic arts (sign) coatings 500 450 450
Industrial maintenance coatings (d) (d) (d)
anti-graffiti coatings 550
high temperature coatings 340 650 650
Industrial maintenance primers
and topcoats 340 450 450
alkyds 420 420
catalyzed epoxy 420 420
bituminous coating materials 420 420
inorganic polymers 420 420
vinyl chloride polymers 420 420
chlorinated rubber 420 420
acrylic polymers 420 420
urethane polymers 420 420
silicones 420 420
unique vehicles 420 420
Interior alkyd paints (d) (d) (d) (d) 420
confined
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Table 3-5: Maximum Allowable VOC Content in Architectural Coatings, as Specified
in State Regulations (grams of VOC per liter of coating) (continued)

Type of Architectural Coating Arizona(a) BAAQCI\jl‘IlljforSn(I:aAQMD New Jersey New York(b) Texas(c)
Lacquers 680 680 550 680 680
nitrocellulose-based 670
Magnesite cement coatings (d) 450 (d) (d)
Mastic texture coatings (d) 200 200
Metallic pigmented coatings 500 500 500
Multi-color coatings 420 600 600
Non-flat and flat latex paints (d) (d) (d) (d) 260
Non-flat architectural coatings 250 (d) (d) 380 380
Primers, sealers, and undercoaters 350 350 350
general 350 350
quick dry 500 500
specialty 350 350
pretreated wash primers 780
Quick dry enamels 400 400 (d) (d) (d)
Roof coatings 300 300 300 300 300
Shellacs
clear 730 730 730
pigmented 550 550 550
Specialty flats 400 400 (d) (d) (d)
Stains
exterior 720
interior 840
low-solids 120
opague 350 350 350 350 350
semi-transparent 350 350 350 550 550
Standing sealers
(clear wood finishes) (d) 350 (d) (d)
Swimming pool coatings 650 600 600
Swimming pool repair and
maintenance coatings (d) 650 (d) (d)
Tile-like glaze coatings (d) 550 550
Traffic coatings(f) 250 250 250 250 250
continued
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Table 3-5: Maximum Allowable VOC Content in Architectural Coatings, as Specified
in State Regulations (grams of VOC per liter of coating) (continued)

Type of Architectural Coating Arizona(a) BAAQCI\f/Jl‘IlljforSn(?AQMD New Jersey New York(b) Texas(c)
Urethane coatings (d) (d) (d) (d) 540
Varnishes 350 350 350 450 450

alkyd varnishes 540
Waterproof mastic coatings 300 300 300 300 300
Waterproof sealers 400 400 400 600 600
Wood preservatives 350 350 550 550

opaque 350 350

semi-transparent and clear 350 350 350

Notes:

BAAQMD: Bay Area Air Quality Management District, which constitutes the greater San Francisco metropolitan area (Alameda, Contra Costa, Marin,
Napa, San Francisco, Solano, and the southern part of Sonoma Counties) SCAQMD: South Coast Air Quality Management District

(a) Maricopa County only

(b) New York City metropolitan area only

(c) Beaumont/Port Arthur, Dallas/Fort Worth, El Paso, and Houston/Galveston areas only

(d) Limit of 250 grams of VOC per liter for all architectural coatings not otherwise specified or exempted in the regulations

(e) Must be emulsion-type coating

(f) Applied to streets and highways and other surfaces; black traffic coatings

Sources:

(1) Maricopa County, CA: Air Pollution Control Regs., Reg. Ill, Rule 335, Sec. 300,301-305 (Tablel).
(2) Bay Area Air Quality Management District: Reg. 8, Rule 3.

(3) South Coast Air Quality Management District: Rule 1113.

(4) New Jersey: N.J.A.C. Ch. 7:27-23.3 (Table 1).

(5) New York: Title 6, Chapter Ill, Sec. 205.4.

(6) Texas: Air Control Board Reg. V, Subch. E, Section 115.421(11).
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Table 3-6: Limits on VOC Content of Various Types of Surface Coatings, as Specified
in State Regulations (pounds of VOC per gallon of coating)

Type of Operation Arizona(a)  Georgia New Jersey New York Texas (b)

Aerospace coating lines

conformal coating 45
electromagnetic radiation effect coating 5.0
maskant 35 51
phosphate ester-resistant primer 2.9
primer 2.9 29 6.7
rain erosion resistant coating 3.5
resin surface sealer 5.8
temporary protective coating 21
topcoat 35 51
wing coating 35
Auto and light-duty truck manufacturing ©
electrophoretic applied prime operation 12 12
spray prime operation 15.1 28
prime coat 19 1.2(d)
primer-surfacer 2.8 2.8(d)
topcoat operation 15.1 2.8 2.8 28
final repair operation 48 48 48 48
custom topcoat 5.0
refinishing: base coat 6.0
refinishing: clear coat 4.4
refinishing: all others 5.0 5.0
repair/touchups 6.2
Can coating
sheet basecoat and overvarnish;
2-piece can exterior 28 28 28 28 45
2,3-piece can interior body spray;
2-piece can exterior end 4.2 4.2 4.2 4.2 9.8
3-piece side-seam spray 5.5 5.5 5.5 5.5 22.0
end sealing compound 3.7 3.7 3.7 3.7 74
Coil coating 2.6
any coat 2.6
prime and topcoat or single coat 2.6 26 4.0

Fabric and vinyl coating

fabric coating line 2.9 2.9 2.9 2.9 48

vinyl coating line 3.8 3.8 38 38 7.9

continued
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Table 3-6: Limits on VOC Content of Various Types of Surface Coatings, as Specified
in State Regulations (pounds of VOC per gallon of coating) (continued)
Type of Operation Arizona(a)  Georgia New Jersey New York Texas (b)
Flat wood paneling
printed interior panels 6.0 (e) 2.7 25 6.0 (e)
natural finish hardwood plywood panels 12.0(e) 33 33 120 ()
hardboard panels 10.0 (e) 3.6 3.6 10.0(e)
Flexible parts and products
flexible primer 41
color topcoat 38
basecoat/clear coat 45
Glass coating: miscellaneous glass 3.0 3.0
fluorescent light bulbs 4.1
Graphic arts systems
rotogravure and flexographic printing 0.5(f) 2.9
Large appliance surface coating 2.8 2.8 2.8 2.8 45
Leather coating 5.8 5.8
Major sources 25.0(9)
Metal furniture coating 3.0 3.0 3.0 3.0 51
Miscellaneous metal parts surface coating
air dried application 35 35 35 35 6.7
baked application 3.0
clear coatings 4.3 4.3 4.3 10.2
extreme performance coatings 35 35 35 6.7
high performance architectural coatings 6.2
silicone release application 35
all other coatings and applications 3.0 3.0 3.0 51
Miscellaneous plastic part coating 35
color topcoat 38
clear coat 4.8
Paper coating line 2.9 2.9 2.9 2.9 4.8
Tablet coating 55 55
Urethane coating 3.8 38
Wire coating 1.7 17 17
continued
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Table 3-6: Limits on VOC Content of Various Types of Surface Coatings, as Specified
in State Regulations (pounds of VOC per gallon of coating) (continued)

Type of Operation Arizona(a)  Georgia New Jersey New York Texas (b)

Wood furniture surface coating

clear topcoat 5.6 5.6

opaque stain 4.7 4.7

pigmented coat 5.0 5.0

sealer 5.6 5.6

semitransparent stain 6.8 6.8

wash coat 6.1 6.1
Notes:

(a) Maricopa County only

(b) Beaumont/Port Arthur, Dallas/Fort Worth, El Paso, and Houston/Galveston areas and Gregg, Nueces, and Victoria Counties only

(c) No auto and light-duty truck manufacturing limits in Gregg, Nueces, and Victoria counties

(d) 2.1 pounds per gallon in Dallas and Tarrant counties (in Dallas/Fort Worth area); other auto and truck manufacturing limits based on type of coating
in Dallas and Tarrant counties

(e) Pounds per 1000 square feet of finished product

(f) Pounds VOCs per pound of coating solids

(g) Tons per year

Sources:

) Maricopa County, CA: Air Pollution Control Regs., Reg. Ill, Rule 336, Sec. 300, 301 (Table 1).
Georgia: Rules for Air Quality Control, Ch. 391-3-1 .02(2)(t) through(aa), (ii), (jj), (mm), and (qq).

New Jersey: N.J.A.C. Ch. 7:27-16.5 (Tables 3A, 3B, 3D, and 3E), pages 27-106.6 and 27-106.10-11.
New York: Title 6, Ch. Ill, Part 228, Sec. 228.7 (Table 1) and 228.8 (Table 2).

(1
(2
3
(4
(5) Texas: Air Control Board Reg. V, Subch. E, Section 115.421.

===
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Table 3-7: States Adopting the Model CONEG* Regulations Limiting Heavy Metals in

Paints, with Dates of Adoption and Implementation

State Adoption Date Compliance Date
Connecticut* June 6,1990 June 6,1992
Florida May 12,1993 July 1, 1994
Georgia July 1992 July 1, 1994
Illinois July 1992 July 1, 1994
lowa May 8,1990 July 1, 1992
Maine** April 4, 1990 April 1, 1992
Maryland May 1992 July 1, 1993
Massachusetts* Pending

Michigan Pending

Minnesota June 4,1991 August 1,1993
Missouri July 1, 1993 August 1, 1995
New Hampshire** April 27, 1990 April 27, 1992
New Jersey™* January 8,1991 July 1, 1992

New York* January 1,1990 January 1,1992
Pennsylvania** Pending

Rhode Island™ July 5, 1990 July 1, 1992
Vermont* June 26,1990 July 1,1992
Washington May 21, 1991 July 1, 1993
Wisconsin April 27, 1990 June 1,1992

* Under the leadership of the Council of Northeast Governors (CONEG), these states have mandated the removal of heavy metals from paints. The
model legislation specifies a limit of 600 parts per million of cadmium, hexavalent chromium, lead, or mercury in paints within two years of the effec-

tive date, decreasing to 250 parts per million in the third year and 100 parts per million in the fourth year.

** CONEG member states.
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Chapter 4. Methodology of the Study

Case Study Goals

Given the growing awareness in recent years of the
health and environmenta threats related to prod-
ucts whose manufacture and use involves volatile
organic compounds and heavy metals, and the pro-
liferation of regulations to meet those threats, it is
crucia to see how companies that make these prod-
ucts are responding. What new and safer products
are they developing? What costs are they incurring?
What benefits are resulting? Evaluating these inno-
vations must reflect the fact that “success’ will de-
pend as much upon their reception by customers as
on the evaluations of the products themselves by
manufacturers.

Funding for this study allowed | NForv to include
no more than nine company case studies. Because
two of the companies that agreed to take part even-
tually proved unable to complete their participation
in the study, only seven companies are included in
the final report. Such a small number of case stud-
ies callsfor caution in the interpretation of our find-
ings. Within the seven case study companies | NForm
found wide diversity in the environmenta innova
tions taking place. Our broad initia literature search
identified many additional paint and adhesives firms
involved in environmental innovation. ' However, a
close examination of the experiences of firms out-
side our case studies could reveal different experi-
ences.

While our case study firms could not be said to
provide a dtatitically representative depiction of the
process of environmenta innovation in the paints
and adhesives industries, they were useful in iden-
tifying a range of types of innovations and also the
factors that foster or impede environmental inno-
vation in these critical industries. By its nature, ev-

ery innovation is unique; it is not likely that inno-
vations will lend themselves to ready characteriza-
tion. By contrast, | NForv found common pressures
underlying efforts at innovation and common cir-
cumstances helping an innovation to succeed in the
marketplace.

Identification of Candidate
Companies

Aninitia list of candidate companies for this study
of environmental innovations in paints and adhe-
sives was compiled from various sources. | NForRM
reviewed the technical, trade and popular press,
aided by computer searches on paints and adhesives
in bibliographic databases; interviewed organiza
tions and individuals who were familiar with either
pollution prevention initiatives, the paints and ad-
hesives industries, or both; collected relevant data
gathered in the course of other 1 nForRv research,
and reviewed product labels in a variety of loca
outlets for paints and adhesives. 1 NForv alSO con-
tacted both the Adhesive and Sealant Council, Inc.,
and the National Paint and Coatings Association.
While neither trade group was able to provide us
with lists of potential companies, each offered its
membership for our study. The introduction to the
next section presents a sampling of the variety of
environmental innovations unearthed in | NFORM s
broad research process.

In assembling an initial list of potential case study
companies, INForv had several criteria: Firdt, to
include environmental innovations in both paints
and adhesives; second, to target paint innovations
affecting both organic compounds and inorganics
(primarily heavy metals); and third, to cover arange
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of industrial activities, rather than ssimply those ac-
tivities involving the formulation of paints and ad-
hesives. Thus, for paints, changes in pigments, sol-
vents, and resins were all included, and companies
included those that were suppliers of paint formu-
lators, as well as the formulators themsalves. For
adhesives, we contacted not only companies at-
tempting to decrease or eliminate solvents, but aso
firms involved in complete product substitutions
(e.g., replacing solvent-based adhesives with hot-
melt adhesives), and developing adhesives to facili-
tate recycling of the products that incorporated them.

Contact and Selection of
Study Companies

The initia list compiled by 1nForm of potential
study participants included eight companies in-
volved in adhesives, and thirteen involved in paints.
The companies chosen for the case studies were
those nine that were most willing to participate. This
willingness was ascertained by telephoning nine
candidate companies, identifying the environmen-
tal innovation that had attracted our attention to
them, and describing the study to them in genera
terms. If a company indicated that it was not inter-
ested in participation in the study at that point, an-
other company from the list was contacted.

If a company indicated interest in considering
participation in the study, 1 nForv sent a copy of
our questionnaire (see Appendix) for informational
purposes only. Each questionnaire was clearly
marked (“sample only” and “no response re-
quested”). After a company reviewed the question-
naire, we contacted it again by telephone to deter-
mine its willingness to participate in the study. The
nine companies that agreed to participate were then
sent copies of the questionnaire without the dis-
claimers.

Overdl, two companies declined participation
following a verbal description of the study and its
purposes. Three more companies declined to par-
ticipate after reviewing the sample questionnaire.
One declining company indicated that it was in-

volved in recycling existing paint, rather than chang-
ing paint formulations; the others cited lack of avail-
able resources to participate.

Hence, one significant distinguishing feature of
the case study companies is volunteering to partici-
pate, a characteristic clearly not shared by al con-
tacted companies. It is impossible to say whether
the participating companies differ from nonpartici-
pants in other ways, as well.

Completion of the Survey

In completing the questionnaire, several case study
companies responded in writing (either on paper or
by submitting a computer disk). Others provided
their answers in telephone interviews. One firm ar-
ranged an on-site interview by 1 nForv staff. Un-
fortunately, two case study companies, after agree-
ing to participate, were unable to complete the study.
Thus, only seven innovating firms are represented
in our results.
The fina list of seven case study companies in-
cludes two that produce adhesives (one for paper
products, one for foam used in furniture manufac-
ture, two producers (formulators) of paint, one sup-
plier of polymer resins to the paint industry, and
two companies producing paint additives (one pro-
ducing colorants, the other corrosion inhibitors and
biocides). Such a broad range of activities means
that any given company may not reflect other com-
panies in the same area, or even other companies
that are introducing environmenta innovations in
that area. It does, however, provide an indication of
the breadth of environmental innovation that is oc-
curring. Table 4-1 summarizes the innovations of
the seven case study companies.

Notes

1. A brief description of a variety of these innovations,
as reported in the popular, trade, and technical press,
is presented at the beginning of the next section.

2. For some firms, it was impossible to make contact
with a person who was knowledgeable about the en-
vironmental improvement and willing to discuss po-
tential participation in the study.
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Table 4-1: Improvements by Case Study Companies
Chemicals Replaced or
Companv Improvement(s) New Chemicals Problem Addressed Risk of Original Product
Ciba-Geigy Organic corrosion inhibitors Organic (triazine) pigments. Heavy metal salts, including Toxicity to humans.
as an alternative to chromium lead and chromium compounds, Environmental damage
salts as active pigments in used for corrosion protection of
the protection of steel and aluminum and steel.
aluminum.
Organic algicide for use in Organic algicide. Alkyltin compounds. Toxicity to non-target
marine antifouling applications Mercury. organisms.
and trade sales paints. Human toxicity.
Devoe & Performance of waterborne Acrylic enamels, epoxy Solvent-based paints. Worker safety.
Raynolds Co. paints and coatings with low coatings, acrylic dry fog, Cost of disposal as a
VOC content exceeds that of wood stain. hazardous waste.
most water-based products.
The Glidden Two lines of paints that New resin formulation. Latex paints with residual VOCs form tropospheric
Company completely eliminate solvents amounts of solvents such 0zone. Some are toxic.
(ICl Paints) and VOCs. as ethylene glycol and
glycol ethers.
Hiils America Point-of-sale paint colorants Proprietary information until Ethylene glycol. Ethylene glycol is toxic
completely free of VOCs. patents have been filed. Diethylene glycol. and a VOC.
Miles Polyurethane coating system Polyurethane paint Lead-based paints/ Risks to workers and

for steel structures that can
overcoat lead-based paints.

components.

removal of lead paints.

environment from removal
of lead-based paints.

National Starch

Hot-melt adhesives that are

Different polymers.

Adhesives that do not

Impeded paper recycling.

and Chemical water-dispersible and disperse completely in the
Company repulpable. Enables paper repulping process.
products to be effectively
recycled.
Swift Adhesives Waterborne, latex-based, Water-based adhesives. Methyl chloroform IsaVoOC.

high solids adhesives for
flexible foam.

(1,1,1-trichloroethane).

Methyl chloroform
contributes to depletion of
stratospheric ozone.
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Chapter 5: Study Findings

Environmental Innovations
in Paints and Adhesives:
An Overview

Over the past few years, the trade and popular press
have reported a wide variety of innovations in the
paints and adhesives industries, responding to en-
vironmental concerns and corresponding regul atory
efforts. Some of these innovations have sought to
reduce toxic chemicals, VOCs, and ozone-deplet-
ing substances in paints and adhesives. Others
sought to address environmental concerns associ-
ated with related activities, such as the removing
and disposing of old paints prior to repainting, or
the disposal of waste paint, painting tools, and con-
tainers. Table 5-1 presents alist of innovations dis-
covered in our initial search (including those of case-
study companies); the list below describes those that
are not included in the case studies. It is hardly ex-
haustive, but it represents some of the major trends
that form the context for the innovations of the case
study companies.

Removal of Old Paint and Surface
Preparation

Removing deteriorated paint from a surface typi-
caly involves the use of abrasive tools, heat, or
chemicals that soften the existing finish. Processes
involving abrasion or heat to remove old finishes
can expose workers and the environment to toxic
chemicals from these coatings, while the chemicals
used to soften paint for removal also pose environ-
mental threats. *

Innovations for safe repainting that dispense with
most toxic ingredients include new paint remover
formulations such as 3M “Safest” stripper, Dumond
Chemical Pedl Away 6, and Woodfinishers Pride
Breath-Easy Formula. They also include paints that
can coat over existing finishes, and thus eiminate
the need for paint removal. One such example is
Porter Paint water-based paints that can be applied
directly over oil-based finishes, eiminating the need
for strippers with high VOC content (51).

Paints with Decreased Solvents

and VOCs

Several paint companies are pursuing new technolo-
gies and innovative resins to reduce the VOC con-
tent of both solvent-based and waterborne paints.
For solvent-based paints, this principally means the
production of paints with a higher “solids’ content.
For waterborne paints, some manufacturers are sub-
stituting less toxic solvents for the solvents that re-
main.® For example, Dow is replacing ethylene gly-
col ethers in waterborne paints with less toxic
propylene glycol ethers (52).

Environmental concerns also appear to be driv-
ing arebirth of older paint technologies in architec-
tural applications, including “milk” paints based on
casein, produced by the Old-Fashioned Milk Paint
Company. Another aternative is to use vegetable-
based solvents for paints, in place of petroleum-de-
rived solvents.* At least three companies, Auro Natu-
ral Plant Chemistry, Livos Plant Paints, and Biofa
Naturprodukte, produce such paints (21, 53).

In applications involving the manufacture of
painted products (original equipment manufactur-
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ing, or OEM), particularly in the automotive and
aerospace subsectors, there appears to be increas-
ing use of powder coatings (54, 55, 56), as well as
of water-curing® polymers and radiation-curing
polymers (56). Another technology, till in the test-
ing phase, is the use of supercritical® CO, in place
of solvents as a means to spray-apply paints (56).

Decreases in Toxic Pigments

and Additives

Innovations are also directed at replacing heavy
metals and other toxic chemicals that are currently
used as pigments and additives in paints, or modi-
fying these chemicals to decrease the potentia for
exposure. Engelhard has developed low-solubility
cadmium compounds for pigments, while both
Engelhard and Hoechst-Celanese are developing
organic replacements for lead and other heavy met-
as in high-solids and powdered paints/coatings (57).

Other manufacturers, such as Miller Paint Co.,
Murco Wall Products, and American Formulating
Manufacturers (AFM) are developing latex paints
with lower levels of biocides than have usually been
employed, and that are completely without fungi-
cides (53). ICl is developing new surfactants’ that
would alow paint resins that currently can be used
only in solvent-based paints to be used in waterborne
paints (58).

In structural steel maintenance, the potential of
substituting zinc for lead as a corrosion protection
agent is being explored (56). One substitute tech-
nology, zinc thermal spraying, has been available
since the 1920s, and gives performance that is safe,
effective, and economically competitive over its
service life. However, its use on existing bridges
requires complete remova of existing paint (59).
Sherwin-Williams is working on waterborne epoxies
for aluminum mastic coatings that permit the appli-
cation of new paint over existing lead paint (60).

Alternative Perspectives on Paints

Other initiatives have focused on the problem of
paint wastes. For example, Kimat is not only pro-
ducing waterborne paints with very low VOC con-
tent (less than 1 gram of VOCs per liter of paint)

but also employs a novel delivery and application
scheme, involving disposable pads on reusable
handles to minimize cleanup, and packaging paint
in pouches or reusable squeeze bottles so that there
is no wastewater associated with painting opera-
tions.® Unused paint and containers are collected
for recycling by the company and molded into pack-
aging. H20 Green Paint is developing recycled wa-
ter-based paints for use in traffic markings.

Paints are aso being used to conserve energy (and
consequently, the environmental problems associ-
ated with energy generation). For example, Helios
Energy Products produces a paint with insulating
properties, sold under the brand name Thermapaint.

Adhesives - Decreased Solvents

and VOCs

The adhesives industry is moving toward the reduc-
tion of solvents in its products. The trend is reflected
in company initiatives to decrease solvents in gen-
eral, such as the decision by Swift Adhesivesin 1991
to decrease solvent content of all its adhesives and
increase solids (non-solvent) content from 15-20
percent to 40-50 percent (61), and the 1992 com-
mitment by G.E. Silicones to increase the solids
content of its adhesives from 50 percent to 80 per-
cent (39). It is aso seen in campaigns to reduce or
eiiminate specific solvents, such as H.B. Fuller's
decision to eliminate use of 1,1,1-trichloroethane
by the end of 1992 (39) and Nationa Starch and
Chemical’s decision to eiminate chlorinated sol-
vents from its packaging adhesives by March of
1991 (62). Many companies, including 3M, Dow,
Exxon, H.B. Fuller, National Starch, Shell Elas-
tomers, and Swift Adhesives, are developing 100
percent solid thermoplastic adhesives to replace
solvent-based adhesives (17,63).

Low-VOC and even non-VOC adhesives and
sealants are aready available for architectural ap-
plications, including floor-covering adhesives, sedl-
ers, and grouts sold by Auro, Envirotec Healthguard,
and AFM, and construction adhesive marketed by
Franklin International. As in the case of paints, ef-
forts are aso being made to control wastes associ-
ated with adhesive use. For example, H.B. Fuller
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has developed a film wrapping for hot-melt® adhe-
sives that is incorporated into the adhesive, so that
none remains as waste (63).

Innovations of the Case
Study Companies

In INForM s case study companies we found a range
of innovation comparable to that described above.
Table 5-2 provides a brief description of each of the
innovations introduced by the case study compa-
nies, identifying, among other factors, the environ-
mental problem that the innovation was designed
to address, the direct and indirect motivations un-
derlying the innovation, its market impact to date,
relevant regulatory considerations, and any barri-
ers to the innovation noted by the case study com-
panies. Each innovation is briefly summarized be-
low and presented in greater detail in Section 7.

Ciba Corporation (Ciba) is pursuing two alter-
native uses of organic (triazine) chemicals as sub-
stitutes for metals in paints and coatings. The com-
pany is marketing organic corrosion inhibitors (trade
name IRGACOR™) as an aternative to zinc and
strontium chromate pigments to prevent the corro-
sion of stedd and aluminum. Ciba also has begun
the (pegticide) regulatory review process for an or-
ganic agicide IRGAROL™) for use in marine an-
tifouling applications (for example, to inhibit bar-
nacle encrustation of ship hulls) and in trade sales
of paints.® This algicide replaces tin compounds
that have been restricted because of their negative
environmental effects, and mercury, which is being
restricted as an in-can preservative for emulsion
paints.

Devoe & Raynolds Company has introduced a
range of waterborne products, including acrylic
enamds (high-gloss and semi-gloss), epoxy coat-
ings (gloss and semi-gloss), acrylic dry fog, and
wood stain and wood finish. The company claims
that the performance of these products exceeds that
of most water-based products, and in some cases
exceeds the performance of solvent-based products.
This gives the user the advantages of waterborne

paints, without the sacrifices in performance that
have previously been associated with these paints.

The Glidden Company has recently introduced
two lines of latex paints, Spred® 2000 (for consumer
and contractor markets) and Lifemaster® 2000 (for
the contractor market) that completely eliminate sol-
vents and VOCs. Since the introduction of latex
paints more than 40 years ago, small amounts’ of
solvents have been used to aid in application of the
paint and in film formation; the new formulation,
while completely eliminating the use of solvents,'*
maintains the film-forming and application proper-
ties of conventional latex paints. The new product
is based on the use of completely new resins, and
also eliminates crystalline silica and formaldehyde
preservatives.

Hlls America, Inc., has introduced a line of uni-
versal® colorants for machine tinting of paint that
have no volatile organic compounds (VOCs) what-
ever. These “point of sale’™ colorants are “plug-
in” replacements for Hils America's existing line
of such colorants, with identical application and ad-
dressing the same color range.

Miles Corporation has developed a series of poly-
urethane paint components that can be used to make
paints for coating over steel structures that have been
painted with lead-based paint, without requiring
removal of the lead-based paint. This significantly
decreases the risks and expense that would other-
wise be associated with removal of |ead-based paint
from steel structures.

A polyurethane primer containing aluminum or
zinc is applied to areas of exposed stedl, following
spot removal of rust and old paint in areas of corro-
sion or paint breakdown. This is followed by a poly-
urethane intermediate coat applied to the entire
structure, including areas where old lead-based
paints are intact, and finally by a polyurethane top-
coat.

National Starch and Chemical Company has in-
troduced a series of hot-mdlt (thermoplastic) adhe-
sives that are water-dispersible and, consequently,
can be recycled along with paper pulp. Previoudly,
paper products made using hot-melt adhesives (such
as cardboard boxes) could not be effectively re-
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cycled. This family of adhesives can be customized
for a variety of applications. While this adhesive
technology has been available for approximately 15
years, National Starch has recently begun an inten-
sive effort to introduce it into markets where a
product’s paper content may be recycled.

These adhesives rely upon completely different
polymers, developed by Nationa Starch, from those
used in conventiona hot-melt paper adhesives.
While both the polymers and the polymerization
process are different, however, company officias
say the adhesives are “drop-in” substitutes for con-
ventiona adhesives; they do not require customers
(such as box manufacturers) to change their equip-
ment or procedures. The adhesives are currently
being reviewed by the Food and Drug Administra-
tion for use in food product packages.

Swift Adhesives, Inc., has devel oped waterborne,
latex-based, high-solids adhesives that replace con-
ventional latex adhesives for flexible foam (used,
for example, in making furniture). The new adhe-
sives, which required the development of new wa
ter-soluble resins, do not employ I, l-trichloro-
ethane or similar solvents, as do conventional
adhesives for foam. Swift Adhesives is aso evalu-
ating hot-melt (100 percent solids) adhesives.

As noted above, with only seven case study com-
panies spanning a wide range of innovations, the
findings of this project may not be statistically rep-
resentative of environmental innovation in the paints
and adhesives industries. In addition, these innova-
tions have either not yet been introduced or have
been on the market a relatively short time. Thus, it
is difficult to judge the extent to which they will
ultimately prove successful in the marketplace, or
the extent to which apparent barriers will prove to
be significant in the long term. Mot instructive is
the information obtained on the companies’ moti-
vations for developing these products, and on their
experiences up to the point of commercialization.
These responses identify common factors that lead
to the introduction, if not the commercialization, of
environmental innovations.

The following sections summarize the case study
companies motivation for investing time and
money in environmental innovations, identify sig-
nificant factors in the developmental process, de-
scribe the companies’ early experiences in attempt-
ing to market innovative products, and note the role
that regulation has played in fostering or impeding
innovation.

Motivations of Companies
Making Environmental
Improvements

Table 5-3 summarizes some of the factors that mo-
tivated case study companies to introduce their en-
vironmental innovations. Regulatory constraints,
affecting either the companies or their customers,
were common to dl. The case study companies were
roughly evenly divided between those that prima-
rily credited their motivation to corporate initiative
and those that stressed market factors. In most cases,
corporate environmental concerns and the desire to
preserve or expand markets were both noted; the
difference was one of emphasis. The separation be-
tween environmental and business goals was not
always clear-cut. All of the companies saw envi-
ronmenta considerations as likely significant mar-
ket forces in the future, if not a present. They gave
little indication that environmental goals and busi-
ness objectives were in conflict, except in the very
near term.”

Environmental Commitments

For those companies that expressed concern over
the marketability of environmentally enhanced prod-
ucts (discussed below), the ultimate judgment was
that the environmental considerations were para-
mount. The companies repeatedly cited the Chemi-
cal Manufacturers' Association’s “Responsible
Care’ initiative in product stewardship; six of the
seven companies are CMA members.*® Four of the
seven are aso participants in EPA’s voluntary 33/
50 initiative to reduce releases of 17 toxic chemi-
cals.
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Commercial Expectations

Not surprisingly, al of the companies anticipated
eventualy reaping a significant commercial ben-
efit from their environmental innovations. (Indeed,
if this were not the case, it is hard to imagine that
any rational business manager would support the
innovation.) Expectations varied widdly, however,
as to the timing of commercia success. Companies
such as Swift Adhesives expected an immediate
market, given apparently pressing needs on their
customers part. Others anticipated an extended pro-
cess of market entry, reflecting extensive barriers
to new products in their market, as in the case of
bridge paints, where an extensive review process
precedes acceptance by state authorities. As noted
below, short-term expectations of significant mar-
ket advantage from these innovations seem to have
been tempered by various forms of customer reluc-
tance, although none of the companies expressed
lack of faith in the ultimate commercial success of
its innovation.

Regulatory Imperatives
All seven companies noted regulatory constraints
serving to motivate their innovations, either directly
or indirectly. In the case of Ciba, Devoe & Raynolds,
Miles, and Swift Adhesives, new products were
being introduced to address current regulatory con-
cerns, such as limitations on the VOC content of
paint. However, Glidden and Hils America intro-
duced products that went substantially beyond the
requirements of current regulations, while National
Starch addressed an environmenta problem not yet
covered by regulaions. As officials at Hils America
noted, they had no desire to be faced with continual
tightening of regulatory requirements, and so acted
to diminate rather than simply reduce the amounts
of the regulated substances from their products.
Another striking feature of the regulatory impe-
tus to environmental innovation is that the regula-
tions that were effective in stimulating environmen-
tal innovation were frequently not those that affected
the innovating companies, but rather those that af-
fected their customers, or even their customers
customers. Regulations on bridge repainting, for

example, affect state highway departments and their
painting contractors, not resin producers such as
Miles or the paint companies they supply. Similarly,
Cibais creating organic compounds to replace regu-
lated compounds containing toxic inorganics. Thus,
it may be very miseading to consider only regu-
lated industries when attempting to judge the im-
pact of regulation. Creative responses, with posi-
tive economic results, may come from the suppliers
of goods or services to the regulated industry.

While some innovations responded to regulations
aready in place or being instituted in accordance
with known schedules, other innovations reflected
a company’s anticipation of regulations to come.
Indeed, National Starch noted that the future regu-
lations mandating recycling would improve the
market for its innovative products.

The Process of Developing
Environmentally Improved
Products

The management policies and structure of the case
study companies, as well as externa factors such
as regulation and market demand, significantly af-
fected the process of innovation. Table 5-4 presents
some of the management characteristics noted for
case study companies.

Prominent among management features de-
scribed by the case study companies were 1) fre-
guent expression of explicit corporate environmen-
tal goals, 2) the reported absence of internal
hierarchy that would pose a barrier to innovative
product development, 3) collaborative efforts be-
tween marketing and research and development
groups in product development, 4) relative au-
tonomy in committing resources to development
efforts, and 5) Total Quality Management or simi-
lar approaches, involving employees directly in the
process of innovation, both environmental and com-
mercial. It would be instructive to ascertain whether
these are general features of current American busi-
ness practice, or more likely to be associated with
innovative companies.
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The prevaence of explicit corporate environmen-
ta policies in the case study companies is a factor
that was also noted to be important in previous | N-
Forv studies of companies that had taken action to
reduce hazardous and toxic wastes in their produc-
tion facilities. In contrast to companies that were
active in reducing production wastes, however, only
one of INForRM s case study companies employed
full cost accounting, while two others did incorpo-
rate some allocation of environmenta costs to spe-
cific products. It might be useful to study whether
corporate policies and management programs fa
voring environmental efficiency in plant operations
differ from those leading to introduction of envi-
ronmentaly improved products.

Notably, none of the case study companies re-
ported their innovations to be the result of formal
analysis of the overall environmental impact of the
product, such as life cycle assessment (LCA).
Rather, each of the environmental innovations was
addressed to a known environmental problem, regu-
lation, or market opportunity. Few case study com-
panies were able to provide extensive information
on the chemical life cycles in which their opera
tions played a part. To the extent that life cycle con-
siderations were addressed by respondents, those
downstream (i.e., effects of the actions taken by their
customers and customers customers) were better
characterized than those of their suppliers-not sur-
prising, in view of the market-driven nature of many
of these innovations.

Factors that Favor the
Introduction of
Environmental Innovation

Table 5-5 presents some factors - environmental/
regulatory considerations and product performance
- that appear to favor the innovations introduced
by the case study companies.

Market Issues
An expectation of commercial success is basic to
the introduction of any commercia product. Among

the case study companies, however, only Devoe &
Raynolds reported major market success to date.
Miles noted that a significant number of bridge-
painting projects would employ its products in 1994;
the other firms either noted arelatively ow growth
of demand for the improved products, or indicated
that the products had not been on the market long
enough to gauge their success. The absence of im-
mediate major market results has produced a range
of reactions on the part of the companies; officials
a some indicated disappointment, while others in-
dicated that they had not expected rapid success.
All companies continued to anticipate future suc-
cess for their innovations.

When asked about the markets in which their
products were sold, company officials identified
severa features of the markets in which they oper-
ate that appeared to influence the potential success
of their innovations. These are discussed below.

Market Specialization

Three of the innovations developed by the case study
companies were focused on markets that are highly
specidized - “niche” markets. These are the anti-
fouling compounds developed by Ciba, the bridge
overcoating system developed by Miles, and the
foam adhesives developed by Swift Adhesives. The
remaining innovations address more general mar-
kets, such as architectural coatings and paper pack-
aging. The innovations for these specialized markets
have not reflected noticeably more or less success than
those directed at more general markets.

Geography
All of the companies have markets that are national
or international, rather than local and regional. Sev-
era companies noted that innovations were being
made in part to comply with local regulations, so
that these local requirements (e.g., California VOC
limits for paints) were having a national effect.'’
For those companies sdlling in international mar-
kets, actua or potential sales were judged to be sig-
nificantly better than sales in the United States.
Company officials suggested that the need to com-
pete in these more environmentally conscious mar-
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kets was a spur to US innovation. They anticipated
that this need would give them a head start on com-
petitors. However, Ciba, in particular, noted some
difficulty in adapting to the US market innovations
developed in Europe.

Pace of Innovation

Almost al respondents indicated that their markets
were relatively mature, characterized by continual
minor improvements rather than major or rapid tech-
nological change. In contrast, both Ciba's antifoul-
ing compounds and Miles bridge overcoating sys-
tem addressed markets in which a dominant
technology had been substantialy eliminated (in
both cases by regulatory constraints, either direct
or indirect). This appears to be a factor favoring the
success of these innovations, as competing systems
either have much reduced performance (e.g., cop-
per-based antifouling compounds), entail great cost
(e.g., total lead removal from bridges), or are equaly
innovative.

Market Share Distribution
There was wide variation among the case study com-
panies in the size distribution of customers in their
market and in the share of the market they con-
trolled. Few reported having market dominance,
although many were among the larger competitors
in the market. None saw its size as an advantage in
achieving acceptance of its innovations.

The size of customer companies appeared to be
a better predictor of the success of innovations.
Those firms that served a mix of large and small
firms noted that the larger firms tended to be more
receptive to innovative products and to environmen-
tal concerns in general. Companies that sold to small
customers noted a significant general resistance to
innovation.

Regulatory Issues

Most (but not al) case study companies, as noted
above, were not reacting directly to regulations that
affected their operations or their products. All of
the innovations under study, however, represented

responses to regulations that affected their custom-
ers.

If the experience & | NFORM S case study compa
nies is representative, industrial innovation appears
to be able to keep abreast of regulation, if not well
ahead. For example, with no change in capital equip-
ment by foam manufacturers, 1,1,I-trichloroethane
could be eliminated in foam assembly today, rather
than at the end of 1995, as required under the Bush
Administration’s 1992 decision to accelerate the
elimination of ozone depleting substances covered
by the Montreal Protocol (64). Similarly, architec-
tural paints that are completely free of VOCs are
available now, with afull range of colors for point-
of-sale tinting. Frequently, even the innovators own
expectations have been exceeded.

As aso mentioned above, loca regulations can
have national and even international effects on in-
novation, if a product’s market is national in scope.
Suppliers may either forfeit the strict local market,
or bring al of their products into compliance with
that market’s regulatory constraints; the case study
companies seem to have followed the latter course.
Similarly, foreign regulations can have significant
impact on the US market. Thus, European regula-
tions on recycling are beginning to affect even US
operations of multinational firms (65).

Varied Effects

None of the case study companies reported any ef-
fect on its own regulatory environment (as opposed
to that of its customers) as a conseguence of itsin-
novation, and many said they anticipate no long-
range effects, as their operations were diversified
and the innovation did not eliminate a chemical from
all of their product lines. Those firms with a corpo-
rate commitment to replace entirely certain chemi-
cals (such as Glidden and Swift Adhesives) reported
that they expect a corresponding eventua diminu-
tion of their regulatory burden. Some respondents
indicated that they expect an increase in their regu-
latory burdens, because in the course of commer-
cidizing the innovation they expected to produce
types of chemicals that they previously had obtained
from others.
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Impediments to _
Environmental Innovation

Despite the environmental and health benefits of-
fered by their new products, officials at three com-
panies (Ciba, Miles, and National Starch) noted
specific regulatory obstacles to introducing their
innovations. All of the companies identified mar-
ket factors that, under current conditions, served as
barriers to the success of their innovations, and some
cited technical obstacles. Some of these factors are
noted in Table 5-6.

Market Obstacles

Competitive Products

In al cases except that of Ciba's antifouling com-
pounds, competing products with similar perfor-
mance (from a non-environmental perspective) and
similar price appeared to be available, either from
competitors or from the case study companies them-
salves. Price differentias, even if small, were spe-
cifically noted as a barrier to market acceptance of
their innovation by Glidden, Hils and Nationa
Starch, while performance concerns confronted
Ciba's anticorrosion pigments and Devoe &
Raynolds and Swift adhesives. The case studies
suggest that as long as a conventional aternative is
available, many customers remain reluctant to pay
more solely for enhanced environmental perfor-
mance.

One might expect that such price concerns would
be most important when the price of the innovative
product represented a significant fraction of the to-
tal cost of the operationsin which it is used, but this
does not appear to be the case. For example, color-
ants congtitute a very small part of the cost of agal-
lon of paint, and an even smaller fraction of the cost
of painting a room, when labor, preparation, and
other materials are considered, yet Hils America
has experienced resistance to a 20 percent price in-
crease for colorants. Similarly, according to Na
tional Starch, although the total cost of adhesive in
a cardboard box may be less than $0.01, few cus-
tomers were willing to pay twice the price for a

repulpable adhesive. Glidden found consumer re-
luctance to a paint price increase of $1 or $2 per
galon.

Inertia

Even when their innovations promised net savings,
as in the case of the antifouling compounds devel-
oped by Ciba,™® or the waterborne adhesives devel-
oped by Swift Adhesives, the companies faced re-
luctance to accept the new products. A major factor
leading smaller customers to reject environmental
innovations, noted by both Devoe & Raynolds and
Swift Adhesives, was reluctance to change existing
work patterns, whether these reflected long-stand-
ing traditiona practices or were merely small pro-
cedural adjustments. Ciba also noted that traditional
test methods (reflecting industrial consensus) could
work against innovations. As procedura rigidity is
a criticism often leveled at regulation, it is interest-
ing to note that it is not absent in business practices.

Regulatory Issues

Differential Scrutiny

While regulation generally motivated company in-
novations, two firms (Ciba and National Starch) also
pointed to regulatory scrutiny of their new prod-
ucts as a significant barrier to their introduction,
even though the new products addressed an identi-
fied environmenta problem. A third firm (Miles)
noted that increasingly strict occupationa regula-
tions will affect its innovative products to the same
extent as older products, despite a significant dif-
ference in their risks.

Pre-market review of new chemicals is a com-
mon feature of several US laws. The most impor-
tant are the Toxic Substances Control Act (TSCA),
which requires Premanufacture Notification (PMN)
of, and review by, the EPA prior to a chemical’s
introduction into commerce; the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA), which re-
quires submission of health and safety and efficacy
data; and the Federal Food, Drug, and Cosmetic Act
(FFDCA), which evaluates both food additives and
drugs. While reviews under these laws serve the
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important goal of preventing undue risks from new
chemicals, review procedures are predicated on the
often debatable assumption that existing materials
have been reasonably well characterized.

One of the case study companies products is
being reviewed under FIFRA (Ciba's biocide for
paints), and one as an indirect food additive under
FFDCA (Nationa Starch’'s adhesive to be used on
paper food containers). In each case, the develop-
ing company indicated that the expense and uncer-
tainty attached to the evaluation effort were a sub-
stantial barrier to product introduction, and that the
new product received more thorough review than
that faced by existing products, either when they
were introduced to market, or during subsequent
reevaluations.

Excessive Uniformity

Officials at Miles noted that the recent lead expo-
sure control regulations for the construction indus-
try, promulgated by OSHA in June 1993, would
impose the same contral requirements on hand-tool
removal of lead paint from bridges as on abrasive
blasting operations. They expressed concern that this
would diminish the price advantage of overcoating
technologies, relative to those that depend on com-
plete removal of lead paint from bridges, despite
the fact that occupational exposures would be re-
duced in the case of hand-tool removal.

Lack of Clarity

Regulations were also cited as posing a barrier when
their criteria are unclear or imprecise. Both Huls
America and Devoe & Raynolds noted that the EPA-
specified test method could yield very variable re-
sults,” and Devoe & Raynolds described the test
method as biased toward overestimating VOC con-
tent.

Notes

1. For example, paint strippers may contain consider-
able amounts of VOCs, as well as toxic compounds
such as the carcinogen methylene chloride.

2. Paintsin which the ratio of solvents to paint compo-
nents that will remain after drying (solids) is de-
creased.

3. Small amounts of solvent are used in most waterborne
paints to help the resins disperse in the water; this
eases application and promotes more consistent paint
film on drying.

4, Such paints mostly use limonene as a solvent, a cit-
rus-based terpene that can be derived from lemon,
bergamot, caraway, and other vegetables, and is used
as aflavoring in foods. The International Agency for
Research on Cancer has recently characterized this
solvent as a possible human carcinogen (53), athough
there is some dispute regarding the meaning of ani-
mal data.

5. These are resins in which the polymerization reac-
tion involves the absorption of water, rather than the
evaporation of solvent.

6. A supercritical fluid is a dense gas that is maintained
at high pressure at a temperature above that at which
it can be liquefied by pressure (the critical tempera-
ture). Such a gas behaves like an extremely non-vis-
cous liquid.

7. Thisis achemical (surface active agent) that alows
non-water soluble organic compounds to be dissi-
pated in water. For example, oil and water will not
mix by themselves, but with the addition of deter-
gent (a surfactant), they can be mixed.

8. Clearly, this approach may involve some (small) in-
crease in the generation of solid wastes associated
with the painting process (if one assumes that con-
ventional applicators and containers such as brushes,
rollers, and cans have a longer service life). This needs
to be contrasted with the decrease in water pollution.

9. These adhesives melt when hested, then set to form
afirm bond when they cool. They can either be ther-
moplastic (i.e., they will melt whenever heated) or
thermosetting (the change in the cooling process is
irreversible).

10. Thisisaready marketed outside of the United States.

11. Between 2 and 6 fluid ounces per galon (between
1.6 and 4.7 percent by volume).

12. The principle solvents diminated are ethylene gly-
col and glycol ethers,
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13. A “universal” colorant can be mixed with either wa-
ter-based or solvent-based paints.

14. This denotes a colorant that is used to produce a cus-
tom tint for a customer, for example at a paint store,
as opposed to a stock colorant added to the paint at
the factory.

15. One company, Hils America, noted that it specifi-
caly sought business opportunities in situations
where a regulated industry believed it lacked the tech-
nology to respond to an environmental concern; by
providing innovative technology to resolve the di-
lemma, the company could enhance its market posi-
tion while competitors were engaged in arguing
against the regulation.

16. Devoe & Raynolds, a paint formulator that is not a
subsidiary of a chemica company, is the sole excep-
tion.

17. Even Devoe & Raynolds, which noted that a sister
company covers the most highly regulated (Califor-
nia) market, acknowledged the influence of Califor-
nia regulations on its products.

18. Labor savings from less-frequent application, or al-
ternatively, fuel savings from reduced fouling, would
more than offset the price of the product.

19. Scientific Certification Systems also noted that the
EPA test was unreliable at low VOC concentrations.
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Table 51: Brief Survey of Recent Environmental Innovation in Paints and Adhesives

PAINTS

Innovation Company Importance

. REMOVAL OF OLD PAINT AND SURFACE PREPARATION

“Safer” stripper (paint and varnish remover) 3M Very few known toxic ingredients used

Peel Away 6 (paint and varnish remover) Dumond Chemical Very few known toxic ingredients used

Breath-Easy Formula (paint and varnish remover) Woodfinishers Pride Very few known toxic ingredients used

Polyurethane paint components that permit overcoating of Miles Does not require the removal of existing paint

steel structures previously painted with lead-based paint and therefore reduces lead contamination to the
surrounding environment

Waterborne epoxies for aluminum mastic coatings that Sherwin-Williams Does not require the removal of existing paint

enable the application of new paint over existing lead paint and therefore reduces lead contamination to the
surrounding environment

Water-based paints that can be applied directly over oil-based  Porter Paints Eliminates the need for strippers with high VOC

finishes content

. PAINTS WITH DECREASED SOLVENTS AND VOLATILE ORGANIC COMPOUNDS (VOCS)

Vegetable-based solvents for paints Auro Natural Plant Chemistrv Replaces petroleum-derived solvents
Vegetable-based solvents for paints Biofa Naturorodukte Replaces petroleum-derived solvents
Vegetable-based solvents for paints Livos Plant Paints Replaces petroleum-derived solvents
“Milk” paints based on casein Old Fashioned Milk Paint
Company No solvents or heavy metals used
Waterborne acrylic enamels, epoxy coatings, Devoe & Raynolds Co. These products exceed the performance of most
and acrylic dry fog water-based products, and in some cases that of
solvent-based products
Replacing ethylene glycol ethers in waterborne paints with Dow Substituting less toxic solvents
propylene glycol ethers
Spred® 2000 and Lifemaster® 2000 (latex paints) The Glidden Company Completely eliminates the use of solvents and
VOCs
Universal colorants for machine tinting Hiils America Completely eliminates the use of VOCs

. DECREASES IN TOXIC ADDITIVES

Developing latex paints with lower levels of hiocides and American Formulating Little or no exposure to heavy metals
completely without fungicides Manufacturers
Developing latex paints with lower levels of biocides and Miller Paint Co. Little or no exposure to heavy metals

completelv without fungicides

Developing latex paints with lower levels of biocides and Murco Wall Products Little or no exposure to heavy metals
completely without fungicides

Developing new surfactants that would allow paint resins ICl Eliminates use of solvents
that currently can only be used in solvent-based systems to
be used in waterborne paints

continuved
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Table 51: Brief Survey of Recent Environmental Innovation in Paints and Adhesives

(continued)

PAINTS

Innovation Company Importance

. DECREASES IN TOXIC PIGMENTS

Developing organic replacements for lead and other heavy Ciba-Geigy Little or no exposure to heavy metals
metals in paints/coatings

Developing organic replacements for lead and other heavy Engelhard Little or no exposure to heavy metals

metals in high-solids and powdered paints/coatings

Developing organic replacements for lead and other heavy
metals in high-solids and powdered paints/coatings

Hoechst-Celanese

Little or no exposure to heavy metals

Low-solubility cadmium compounds for pigments

Engelhard

Decreases the potential for exposure

. ALTERNATIVE PERSPECTIVE ON PAINTS

Developing recycled water-based paints for use in traffic
markings

H20 Green Paint

Fewer solvents and heavy metals used

Thermapaint with insulating properties

Helios Energy Products

Addresses environmental problems
associated with energy use

Waterborne paints with very low VOC content and novel
delivery and application scheme

Kimat Paints

Reduces waste because non-used paint and
containers are collected for recycling and no
wastewater is produced because paint isapplied
directly from reusable squeeze bottles or pouches
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Table 51
(continued)

Brief Survey of Recent Environmental Innovation in Paints and Adhesives

ADHESIVES

Innovation

Company

Importance

. DECREASED SOLVENTS AND VOLATILE ORGANIC COMPOUNDS

Developing 100% solid thermoplastic adhesives 3M Replaces solvent-based adhesives
Developing 100% solid thermoplastic adhesives Dow Replaces solvent-hased adhesives
Developing 100% solid thermoplastic adhesives Exxon Replaces solvent-hased adhesives
Developing 100% solid thermoplastic adhesives H.B. Fuller Replaces solvent-based adhesives

Developing 100% solid thermoplastic adhesives

National Starch and Chemical

Replaces solvent-based adhesives

Developing 100% solid thermoplastic adhesives

Shell Elastomers

Replaces solvent-based adhesives

Increase the solids content of its adhesives G.E. Silicones Reduces solvents in adhesives
Low-VOC and non-VOC adhesives and sealants for American Formulating Reduces VOCs

architectural applications Manufacturers

Low-VOC and non-VOC adhesives and sealants for Auro Natural Plant Chemistry Reduces VOCs

architectural applications

Low-VOC and non-VOC adhesives and sealants for Envirotec Healthguard Reduces VOCs

architectural applications

Low-VOC and non-VOC construction adhesives Franklin International Reduces VOCs

. OZONE-DEPLETING SUBSTANCE

Eliminate use of 1,1,1-trichloroethane

H.B. Fuller

Reduces or eliminates solvents

Eliminate use of 1,1,1-trichloroethane

Swift Adhesives

Reduces or eliminates solvents

. TOXIC SOLVENTS

Eliminate chlorinated solvents from its packaging adhesives

National Starch and Chemical

Reduces or eliminates toxic solvents

. SOLID WASTE REDUCTION

Film wrapping for hot-melt adhesives that is incorporated

into the adhesive

H.B. Fuller

Reduces wastes associated with adhesive use
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Table 5-2:

Summaries of Case Study Companies

Chemicals Replaced or

Company Improvement(s) New Chemicals Problem Addressed Risk of Original Product
Ciba-Geigy Organic corrosion inhibitors as an ~ Organic (triazine) pigments. Heavy metal salts, including lead Toxicity to humans.
alternative to chromium salts as and chromium compounds, used Environmental damage.
active pigments in the protection for corrosion protection of
of steel and aluminum. aluminum and steel.
Organic algicide for use in marine  Organic algicide. Alkyltin compounds. Toxicity to non-target organisms.
antifouling applications and trade Mercury. Human toxicity.
sales paints.
Devoe & Performance of waterborne Acrylic enamels, epoxy Solvent-based paints. Worker safety.
Raynolds Co. paints and coatings with low VOC  coatings, acrylic dry fog, Cost of disposal as a hazardous
content exceeds that of most wood stain. waste.
water-based products.
The Glidden Two lines of paints that completely  New resin formulation. Latex paints with residual amounts ~ VOCs form tropospheric ozone.
Company eliminate solvents and VOCs. of solvents such as ethylene glycol ~ Some are toxic.
(ICl paints) and glycol ethers.
Hiils America Point-of-sale paint colorants Proprietary information until Ethylene glycol. Ethylene glycol is toxic and a
completely free of VOCs. patents have been filed. Diethylene glycol. VOC.
Miles Polyurethane coating system for  Polyurethane paint Lead-hased paints/removal of Risks to workers and environment

steel structures that can overcoat
lead-based paints.

components.

lead paints.

from removal of lead-based paints.

National Starch

Hot-melt adhesives that are

Different polymers.

Adhesives that do not disperse

Impeded paper recycling.

and Chemical water-dispersible and completely in the repulping
Company repulpable. Enables paper process.
products to be effectively recycled.
Swift Adhesives  Waterborne, latex-based, high Water-based adhesives. Methyl chloroform. IsaVOC.

solids adhesives for flexible foam.

(1,1,-trichloroethane).

Methyl chloroform contributes to
depletion of stratospheric ozone.




Disadvantages of
New Product

Status of New Products

Motivation: Direct(D)
Indirect (1)

Regulatory Environment

Barriers to Development
of Improved Products

Does not show

comparable performance
to chromate-based paints
in standard test systems.

Currently marketing
organic corrosion
inhibitors.

Begun pesticide review
process. Not yet
available in US.
Available elsewhere.

D: Customers demanding industrial
coatings that are lead- and
chromate- free.

I: Regulatory pressures to control
heavy metals.

D: Improved service life relative to
available alternatives.

I: Avoids tin-induced damage to
aquatic ecosystems.”

Regulatory concern over heavy
metals favors introduction of this
product.

Safety testing required to support
cost-benefit analyses under
FIFRA which counter-balances
pressure favoring new products
in the form of restrictions on old.

Accelerated salt spray test is
not reflective of the organic
corrosion inhibitors’
performance. Reliance

on this test method is retarding
introduction of safer alternative
and access to larger markets.

Registration costs with EPA
as a pesticide represent a
significant expense relative to
the value of the total markets.

Products still contain
VOCs (less than 200g/1
total) and some
hazardous chemicals.

On market for
approximately
two years.

D: Unacceptable performance
of existing waterborne paints.

|: Existence of regulatory
constraints on VOC content of
paints. Worker safety concerns.

Range of state restrictions on
VOC content in paint.
Waterborne paints meet all
VOC requirements.

Skepticism among paint
contractors regarding the
performance potential of
waterborne products.

Color range of paints is
limited at first. Per-gallon
cost of paint is higher than
that of conventional

latex paints.

Have been on the
market a short time.

D: Glidden goal of removing all
solvents from its decorative
products by the year 2000.

: Regulatory pressures under
the CAA amendments.”

VOCs in paints are regulated
in areas of some states.
Federal regulation of VOC
content in paint is under
development.”

Customer reluctance to
pay increased price for
environmentally improved
product.

New formulations cost
approximately 20% more
than the products they
replace.

Have been on the
market a short time.

D: To avoid the need for warning
labels for ethylene glycol.

I: Customers requesting low-VOC
and non-VOC paints.”

Requirements of the OSHA on
Material Safety Data Sheets
(MSDSs).

Clean Air Act amendments of
1990 introduced pressure to
eliminate VOCs from several
paints and coatings.”

Customer reluctance to
pay increased price for
environmentally improved
product.

Limitations of VOC
measurement methods.

If 30% of structure
has paint failure,
lead paint removal
still necessary.

Recently applied to
second bridge. Ten
additional bridges
scheduled for near
future.

D: Overcoating is safer and
cheaper than complete

removal of lead

|: Several states require complete
containment during removal of
lead-based paints.”

Waste disposal restrictions on
removed paint imposed by
RCRA.

OSHA regulations on paint
removal.

New chemical review process
at EPAis slow.

New OSHA regulations do not
distinguish between spot and
complete removal of lead-
based paint.

Specifications for bridge paints
often require environmental
tests for up to three years.

Polymer constituents
of adhesives are
synthesized from toxic
monomers, just as are
those replaced.

Developed 15 years ago;
commercially available for
2-3 years.

D: National Starch’s belief that
in the future environmental
concerns will be market drivers.
I: Future program to recycle
paper products.

Will need monitors and control
equipment to produce polymers.
Regulation by FDA if adhesives
are used in food packaging.

Twice as expensive as the
conventional products that
they replace.

Customers for adhesives
are rarely directly involved
in recycling; they have little
incentive to pay a higher
price for a new adhesive.

Does not bond styrene
foams well.

In process of
introducing waterborne
adhesives into foam
fabrication industry.

D: Corporate goal to eliminate
solvents from adhesives.

|: Regulatory pressure under
Montreal Protocol.

Methyl chloroform is taxed;
has to be eliminated by 1995.

Customer reluctance to
change procedures.




Table 5-3: Motivations of the Case Study Companies for Introducing Clean Products

Company Market Regulatory Corporate

Ciba-Geigy Coating formulators’ Mercury is coming under increased regulatory Waste disposal costs can
customers were demanding controls in paints and other applications. be decreased significantly
industrial coatings that Tin-based antifouling paints were restricted by the elimination of toxic
were lead- and chromate- by regulations on maximum tin release rates. metals.
free. Ongoing regulatory efforts to control heavy

metals exist in both worker safety and
environmental contexts.

New initiatives in emissions reporting and
source reduction under SARA 313 are seen as
an increasing issue for coatings manufacturers.

Devoe & Worker safety concerns Regulatory constraints of VOC emissions in Allows expansion of Devoe

Raynolds Co. important to Devoe & some jurisdictions. & Raynolds s market.
Raynolds s contractor All products contain less than 200g/! total
customers. VOCs, and thus comply with all US and state
Customer demands for regulations.
low-VOC paints.

The Glidden Anticipates growth in Regulatory pressure for ozone nonattainment Environmental goal of removing

Company customer demand from areas will grow under the 1990 CAA all solvents from its decorative

(ICl Paints) increased awareness of amendments. products by the year 2000.
ozone-formation and VOC content in paints is regulated in specific
toxicity problems. areas.These paints meet all VOC requirements.

Hiils America Paint companies (customers) To avoid new OSHA requirement for warning Commitment to environmental
began to request colorants that on product labels, it became important to and employee protection.
have little or no VOC content. remove ethylene glycol from the product.

CAA amendments of 1990 introduced
pressure to reduce or eliminate VOCs.

Miles Use of lead paint for repainting Several states have mandated total enclosure

is no longer an option.
Total removal of lead paint
involves significant cost
disadvantage.

methods for the removal of lead-based paints.
Regulation of paints used for structural rehab-
ilitation and repainting; lead no longer useable.
Waste disposal restrictions imposed by RCRA.
Worker exposures to lead during removal
must be controlled.

National Starch

Belief that in the future,

Future “recycled content” laws.

Internal company initiative

and Chemical environmental concerns to remove toxic chemicals
Company will be important market from its products.

drivers.
Swift Adhesives Future market as a result of Methy! chloroform subject to taxation Eliminate solvents from all

customers’ becoming informed
about environmental costs
associated with conventional
adhesives.

at present, must be eliminated
entirely from use by 1995.
Labeling for ozone-depleting
substances and regulation as
a RCRA hazardous waste.

of its adhesives.
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Table 5-4: Management Features of Companies Introducing Clean Products

Total Quality

Formal Managerial Management or

Corporate Participation in Multi-firm Independence  Other Employee Employee

Environmental Environmental Initiative Full Cost vs. Layering Involvement Environmental
Company Policy 33/50 CMA Accounting of Authority Program Incentives
Ciba-Geigy X X! X X
Devoe & Raynolds X nfa +- X X
Glidden X X2 X X X X
Hiils America X X +- X X X
Miles X X' X X X
National Starch X X X X X X
Swift Adhesives X X X X X

(1) Committed to 50% reduction of all seventeen 33/50 chemicals by 1995
(2) Committed to 33/50 Program, but no percentages given.
(3) Commitment through parent company only.

Definitions:

Formal Corporate Environmental Policy: explicit written environmental policy.

Full Cost Accounting: Allocation of the environmental costs incurred by a plant (e.g., waste disposal costs) to the specific products and processes that
cause those costs to be incurred.

Employee Environmental Incentives: Explicit system of giving financial or other awards to employees who suggest ways to improve environmental
performance.

Managerial Independence vs. Layering of Authority: Ability of plant or business unit managers to undertake environmental or other initiatives without the
need for extensive review by higher management.

33150: EPA's 33/50 Program for voluntary industry reductions of emissions of 17 chemicals by 50% by 1995.

CMA: Chemical Manufacturers Association’s Responsible Care Program represents the commitment of the chemical industry to:(i) improve perfor-
mance, safety, and health of the public, workers, and the environment and (2) to listen and respond to the public.

+/-: Some but not all environmental costs are allocated to specific products.

nfa: not applicable, unlike the other firms, this is a paint formulator not affiliated with a chemical company.
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Table 5-5: Factors Favoring Innovation of Clean Products

Company Improvement(s) Market Regulatory Technical

Ciba-Geigy Organic algicide for use in Substitutes have comparable Replacement of tin in antifouling
marine antifouling applications  anti-corrosion performance applications makes company
and trade sales paints. with less human and in compliance with regulations.

environmental toxicity. Worker safety, health, and waste
Extended service life; ability disposal regulations favor use
to repaint less frequently than of less toxic alternatives.
with tin formulations; therefore, Replacement of mercury, which is
a cost advantage. restricted as an in-can preservative
Little competition in these for emulsion paints.
niche markets. Worker safety, health, and waste
disposal regulations favor use
Organic corrosion inhibitors Little competition in these of less toxic alternatives.
as an alternative to chromium  niche markets.
salts as active pigments in Substitutes have comparable
the protection of steel and anti-corrosion performance
aluminum. with less human and
environmental toxicity.

Devoe & Performance of waterborne Opportunity to increase Now comply with all US and state

Raynolds Co. paints and coatings with low market share by improved regulations on the level of VOCs in
VOC content exceeds that of ~ performance of products. paints: products have less than 200 g/l
most water-based products. as specified.

New product doesn't require disposal
as a hazardous waste and improves
worker safety.

The Glidden Two lines of paints that Performance equals or Zero-VOC paints have put them in

Company completely eliminate exceeds that of similar paints compliance with EPA and all states.

(ICI Paints) solvents and VOCs. formulated with solvents.

Hiils America  Point-of-sale paint Can be applied in identical Low VOC regulations led to New colorants are
colorants completely manner and can address no-VOC colorants. drop-in substitutes
free of VOCs. same color range. Product does not require labeling and do not require

Improved performance; less regarding ethylene glycol. a change in equip-
drying time and no streaking. ment or procedures.

Miles Polyurethane coating system Rapid drying and ability to Lead-based paint removal regulations  Allows repainting

for steel structures that can
overcoat lead-based paints.

be applied in high humidity.

for bridges will be met with this
product.

Decrease in health and environmental
risks and costs for painting contractor.

without complete
removal of old
paint.

Hot-melt adhesives that
are water-dispersible and
repulpable. Enables
paper products to be
effectively recycled.

National Starch
and Chemical
Company

Better adhesion than conven-
tional hot-melt adhesives

for paper.

Repulpability of adhesives
increases the recyclability of
paper products to which

they are applied.

New adhesives are
drop-in substitutes
and do not

require a change
in equipment

or procedures.

Swift Adhesives Waterborne, latex-based,
high solids adhesives for
flexible foam.

Cost savings in taxes,
emission controls, and
waste disposal.

Fewer regulatory requirements apply
Existing solvent will be banned.
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Table 5-6: Barriers to Introduction of Clean Products

Company Market Regulatory Technical

Ciba-Geigy Key problem of commercialization of Algicide currently undergoing The anti-corrosion pigment was determined
organic inhibitors has been the regulatory review for use in the US, to have undesirable reactions with a number
entrenched use of a single, poorly with safety testing to support of components in paints in the US market.
predictive test (accelerated salt cost-henefit analysis under FIFRA. This problem was overcome by significant
spray) as a standard of performance. reformulation.

Devoe & Painting contractors (customers) Difficulty of the chemistry involved to

Raynolds Co. tend to be conservative and achieve appropriate paint characteristics.
skeptical regarding product
performance of waterborne paints.

The Glidden Currently costs are higher than Color range of paints was limited, and

Company those of conventional latex paints. point-of-sale tinting was not yet available

(ICI Paints) until recently.

Customers uncertain about the
extent of the problem represented
by solvents in paint.

Hills America The greater expense of the colorants CONVON colorants introduced earlier,
has induced some reluctance to suitable only for water-based paints,
switching on the part of paint could not be used in “point of sale”
manufacturers. applications, have reduced shelf- life, and

have lesser color range.
Measurement of VOC content was not
always straightforward.

Miles Where permitted, it is cheaper to Paint formulators (customers)

continue using lead paint.

Specifications for bridge paints often
require actual environmental tests for
periods of up to three years.

are faced with regulations
regarding resins, particularly for
the two-part paints.

New chemical review process at
EPA is slow.

OSHA lead-based paint removal
regulations pertaining to worker
precautions may treat spot removal
as equivalent to complete removal.

National Starch

Increased price represents a

Regulated by FDA since adhesives

and Chemical significant barrier to commercial are used in packaging for foods.
Company introduction of these adhesives. Expense and uncertainty of testing
effort.
The customer may have no direct
link to paper recycling, thus diminishing
demand for repulpable adhesives.
Swift Adhesives Customer reluctance to change their Does not bond styrene foams well.

patterns of adhesive use, even for minor

adjustments to spraying and foam
assembly techniques.
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Chapter 6: Implications for Corporate and

Government Policy

Several of the findings discussed in the previous
section suggest strategies that merit government and
environmental community consideration as ways to
encourage product improvements to enhance the en-
vironment and public health. Several have implica-
tions for companies that wish to compete success-
fully in the face of mounting environmental
pressures in both the US and global markets.

Demand Side: Government
and Public Pressure

Two key findings of these case studies involve the
role of regulation in environmental improvement
and business performance. Firgt, a universa find-
ing in InForRM s case study companies was that regu-
latory requirements, either national or international,
played a key role in stimulating innovation, although
the nature and locus of the regulation varied among
companies. Most obvious is the restriction on the
VOC content of paints, both under federal and state
laws and regulations. Second, reporting and label-
ing laws for toxic product constituents were aso
seen as key motivators for innovation, as were taxes
(and a forthcoming ban) on ozone-depleting sub-
stances. While most firms indicated that an internal
environmental commitment was important, the ex-
istence of a regulation provided a purely commer-
cia motivation for environmental innovation.

Regulation and the Drive to Innovate

The companies developing innovative products, as
noted earlier, were not always those subject to regu-
lation. For both adhesives manufacturers and sup-

pliers of paint additives, the relevant regulations
primarily affected their customers, rather than their
own operations. In this context, meeting regulatory
requirements is simply a way of meeting customer
requirements. | NForM s research found that, in some
cases, while suppliers who were not facing direct
regulatory constraints invested in innovations to
meet the needs of customers who were faced with
such constraints, many of the companies directly
affected by the regulations appear to have taken a
less active role. For example, even though Swift
Adhesives has developed a replacement that would
allow its customers to avoid paying atax on aregu-
lated solvent and to dispense with expensive pollu-
tion control equipment, with no need for any capi-
tal investment, many customers were reported
reluctant to change the product they use.

This behavioral pattern has at least two implica-
tions for determining the potential consequences of
regulatory action. First, analysis of the regulated
entities themselves is insufficient to define an
industry’s potential to respond to a regulatory re-
quirement. Regulated industries may honestly doubt
whether they can technically meet regulatory re-
quirements; however, they may simply be underes-
timating the innovative capabilities of their suppli-
ers (or of companies that would like to become their
suppliers). Second, coupled with the repeated ob-
servation that innovating companies had difficulty
gaining acceptance of their new products by indus-
trial customers, even when the innovation offered
economic, as well as environmental, enhancements,
regulators must recognize resistance to regulation
as, in some cases, simply a more general resistance
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to change. Both factors deserve consideration when
evaluating the cost and feasibility of planned regu-
lations; regulators should seek to evauate the po-
tential contributions of firms at many stages in a
product’s life cycle.

As inForv found regulatory negotiations at risk
of excluding innovative companies, policymakers
should consider whether regulatory negotiations
may underestimate the true innovative capabilities
of US industry. Hils America noted that a key value
of observing such negotiations was to learn the tech-
nical limitations of its customers and competitors,
it expressed confidence in achieving better perfor-
mance than that agreed to in such negotiations.
Glidden has dready introduced a paint that is free
of VOCs, and is therefore in a position to reduce
VOCsin dl of its architectural coatings in advance
of the schedule developed by the EPA-sponsored
regulatory negotiations.

Labeling and Reporting:

The Value of Information

InForv found that regulatory attention to public dis-
closure and labeling requirements also proved vau-
able in stimulating innovation. Two case study com-
panies assigned great importance to regulations
requiring the dissemination of environmental infor-
mation as mativators for the introduction of their
innovative products. Moreover, the Toxics Release
Inventory, similar state reporting requirements, and
labeling requirements for products containing toxic
congtituents were noted by all respondents as fea-
tures of the regulatory environment that would
motivate product change.

The response of Hils America to the change in
labeling that would be required when glycol ethers
were found to have teratogenic potential suggests
how labeling requirements may motivate change.
By reformulating the product, it could avoid label-
ing it as containing a chemical associated with birth
defects. None of the case study firms, incidentally,
expressed the opinion that these information dis-
closure requirements were ingppropriate, despite the
fact that they were having a significant impact on
their activities.

The Uneven Playing Field

Three of the case study companies noted that regu-
latory review and testing requirements for new prod-
ucts could impede, as well as stimulate, the intro-
duction of the products. Ciba s organic biocide for
antifouling paints must be reviewed as a pesticide,
while the repulpable adhesive developed by Na
tional Starch must be reviewed as an “indirect food
additive” if it is to be used on packaging for food.
Neither company objected to such regulatory review
per se, but each expressed a view that new products
faced a disproportionate burden under, respectively,
FIFRA and FFDCA. Miles noted that newly issued
(June 1993) OSHA regulations on lead exposure in
the construction industry appeared to require com-
parable controls, whether the anticipated exposure
was large (as in abrasive blasting) or small (as in
hand scraping).

Under both FIFRA and FFDCA, the fundamen-
ta principle is that al products used as pesticides
or food additives should be reviewed for safety (and
also for efficacy, under FIFRA). The problem arises
because older products generally underwent review
a a time when the sophistication of toxicological
investigations was limited, by current standards.
New products, in contrast, are subject to extensive
(and expensive) evaluation. For a new product to
be successful, not only must sales be adequate to
cover the costs of testing as well as of development,
but the market must also be able to accommodate
the delays involved in testing. Established products
may have been “grandfathered” onto the market with
little or no testing, as is the case for many substances
classified as “GRAS’ (generally regarded as safe)
under FFDCA.

The FDA, EPA, and Congress have al attempted
to respond to this regulatory discrepancy in vary-
ing degrees, but with limited success. Efforts to re-
view existing food additives are based upon the re-
porting of adverse effects and monitoring of the
scientific literature for toxicity information, rather
than an explicit reevaluation process. While the
EPA’sgodl isto reevauate al pesticides, using cur-
rent standards, on the average of once in 12 years,
such reevaluations are not far advanced. EPA has
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falen significantly behind the ambitious schedule
established by Congress when it reauthorized and
amended FIFRA in 1988. As long as these regula-
tory imbalances remain, they will tend to inhibit
innovation for those products that still face pre-
market “licensing” requirements.

Cost Accounting Disincentives

One current view of environmental regulation is that
it should ensure that the marketplace reflects the
true costs of goods and services, including costs of
damage to public health and the environment. When
such costs (or benefits) are not incorporated into
the market for a substance, they are referred to as
“externdities.” In many of the businesses covered
by this report, markets do reflect environmental
costs, at least in terms of mandated control technol-
ogy. Thus, Swift Adhesives can explicitly inform
its customers of the savings to be gained by using
an adhesive without 1,1,1-trichloroethane - sav-
ings that result from dispensing with emissions con-
trol equipment that would otherwise be required, as
well as from the 13 percent tax on products con-
taining this chemical.

In other markets, a continuing ability to exter-
nalize environmental costs becomes a disincentive
to environmenta innovation. This can be due to frag-
mentation of a product’s life cycle into relatively
independent markets, as in the case of paper pack-
aging and the repulpable adhesives introduced by
National Starch. The environmental costs of not
recycling such products are borne by the entire so-
ciety. However, the costs imposed by nonrecyclable
adhesives are borne by the recycling industry, while
those of improved repulpable adhesives would be
borne by the packaging industry. The lack of a
mechanism for communicating costs between these
industries acts as an impediment to marketing such
products in the United States. In Europe, the impo-
sition of strict responsibility for product packaging
(asin Germany’s Packaging Ordinance) has served
to enforce such alink.

Evolving Customer Expectations
All of the case study companies indicated that the

expectation of commercial success for their inno-
vations was as much a factor in their decision-mak-
ing as were environmental considerations. While
some firms noted strong commitments to environ-
mental quality, others, which had been just as ac-
tive in pursuing environmental innovations, stressed
their competitive position in the market, rather than
environmental benefits, as the key stimulus. Still,
for government, this suggests that regulations or
taxes that create environmental demands are likely
to be an effective spur to innovation, regardless of
the degree of environmental commitment of US
industry.

For individual consumers and the public sector,
this finding suggests that a concerted effort to note
and to publicize the environmental implications of
purchases will elicit an effective response from busi-
ness. Only two of the case study products (the paints
sold by Glidden and Devoe & Raynolds) are sold
on the retail market; the rest are sold to other manu-
facturers or to service industries. Only Glidden's
paint is strongly marketed from an environmental
viewpoint. It may be promising to revisit this case
study in a few years, to assess the extent of the
“green market” at the consumer level.

In contrast to marked response to mandated la-
beling that describes potential risks, direct efforts
a explicit environmental messages and marketing
on the part of the case study companies were lim-
ited, perhaps reflecting the fact that many of the
products were aimed at industrial or commercial
customers rather than retail sale to the public. Both
of the respondents marketing directly to the public
were considering an explicit environmenta claim,
and Devoe & Raynolds had an “ECO Friendly” la
bel on one of its products, but neither reported us-
ing the services of a “green labeling” organization
(nor did any of the other companies). For the com-
panies with industria clients, claims were based on
specific changes in composition (e.g., no VOCs),
with no more specific clam regarding actual or
potential environmental impact. Two of the firms
reported concern over potentia legal liability if en-
vironmental claims (other than documented prod-
uct contents) were made.
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Supply Side: Successful
Environmental Innovation

None of the innovations introduced by the case study
companies has a significant marketing history as
yet. This limits our ability to analyze factors that
contribute to the success or failure of environmen-
ta innovations in the marketplace. The case studies
do, however, provide information on factors that
determine whether an environmental innovation
reaches the market.

Cost, Performance, and the Environment
On the basis of pre-introduction discussions of the
case study companies with their customers, as well
as initial customer reactions, two responses were
universal. First, no innovation that involves de-
creased performance, relative to the product for
which it is a substitute, is likely to make much
progress in the marketplace. Second, tolerance for
cost increases, even when accompanied by environ-
mental and other product enhancements, appears to
be quite limited in the current economy.

The case study companies have attempted to
combine environmental enhancements with equiva
lent or improved product performance, with the
trade-off being some increase in cost. Even when
these cost increases have been a small fraction of
the total cost to their customers, or have even been
offset by area decrease in overal costs (as when
pollution control costs are reduced or eliminated),
there has been reluctance to accept cost increases
associated with the innovative product. The alter-
native strategy of maintaining price but sacrificing
conventional performance was viewed by the case
study companies as unlikely to be successful.

Resistance to Change

As noted above, both Devoe & Raynolds and Swift
Adhesives encountered customer reluctance to ac-
cept innovations, even if they were associated with
performance enhancements or significant cost ad-
vantages. In the case of painting contractors, there
was an assumed performance loss for waterborne
paints that had to be countered, while the foam fur-

niture fabricators were reluctant to re-train staff and
change operations.

These observations bring home the point that
businesses, like any human organization, entail dy-
namics other than economic considerations. Even
innovative products with enhanced performance
may have difficulty gaining acceptance. Companies
that have made an environmental commitment will
have to educate their consumers, as well as intro-
duce product innovation. Those that pursue envi-
ronmental innovation from a strictly commercia
perspective will either have to pursue similar edu-
cational exercises, or limit themselves to markets
where strong external pressures (such as regulation)
will overcome resistance to change.

As Ciba officias noted, industry standard test
methods can be just as large a barrier as regulatory
congtraints to the introduction of a new technology.
Keeping such standards abreast of developing tech-
nology requires a continuing effort, and likely asig-
nificant dedication of resources to participation in
standard-setting organizations (such as the Ameri-
can Society for Testing and Materias).

Timing is Critical
Many of the case study firms introduced innova
tive products in advance of significant customer
demand. In some cases, such as adhesives free of
[,1,1,1-trichloroethane, one can be reasonably confi-
dent that demand will arise, given the legal con-
straints on the use of this solvent. In other cases,
such as paints (and paint additives) that have low or
no VOC:s, it is less clear that the national market in
the United States for these products will ever re-
quire reductions as significant as those that have
been achieved. In till other cases, such as organic
corrosion inhibitors and coatings for bridges, the
technology surpasses current industrial standards.
Some of these innovators may find themselves
well positioned in the near future; for others, their
new products may languish for an extended period.
It may prove informative to re-visit these innova-
tions in two years.
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The Global Village

At present, the European market is significantly
more sengitive than the domestic market to envi-
ronmental aspects of products, particularly with re-
gard to materials used in packaging. It may be, then,
that for companies with multinational sales, reluc-
tance in the US market is less important than cus-
tomer demand abroad. Pursuing environmental in-
novation may be critical to a global competitive
posture.

Looking at the Life Cycle

Life cycle assessment is an area of analytical think-
ing aimed at evauating the cradle-to-grave envi-
ronmental burdens associated with a product, pro-
cess, or activity. It is striking, in the context of this
interest, that none of the case study companies en-
gaged in any significant life-cycle analysis of an

innovation covered by this report. As many of the
case study companies aso clam to employ Tota
Quality Management approaches to management,
focusing on continuous improvement and on analy-
sis of systems for areas where the greatest improve-
ment is possible, the absence of efforts to conduct
life cycle assessments is noteworthy.

Coupled with the increasing European interest
in such comprehensive “ecobalances,” this obser-
vation suggests a possible competitive disadvantage
for US firms in the international market. While the
case study companies, and others, have produced
dramatic product improvements in specific product
characterigtics in very limited time, few seemed
prepared to provide comprehensive assessments of
the environmental burdens associated with their
products. This may prove to be an area of vulner-
ability in global competition.
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Ciba-Geigy Corporation (Ciba)

Additives Division

CRP Department

7 Skyline Drive

Hawthorne. NY 10532-2188

The Company

Ciba-Geigy Corporation (Ciba) is the US subsid-
iary of a large, multinational chemica company
(Ciba Ltd.) that produces pharmaceuticals, agricul-
tural chemicals, dyes, plastics, and specialty chemi-
cals, including paint additives. It has a US work
force of more than 16,000 and reported sales of $4.3
billion in 1991.

The Improvement: Organic Paint
Additives that Rep/ace Toxic Metals

Ciba is pursuing two aternative uses of organic (tri-
azine) chemicals as substitutes for metals in paints
and coatings. It is currently marketing organic cor-
rosion inhibitors (trade name IRGACOR™) as an
alternative to chromium salts (specificaly, zinc and
strontium chromate) used as active pigments in the
protection of steel and aluminum. It has also begun
the regulatory review process, specified under
FIFRA for proposed new pesticides, for an organic
agicide (IRGAROL™) to be used in marine anti-
fouling applications - controlling slime and other
growths on boat hulls and other underwater surfaces
- and as a preservative in trade sales paints.
IRGAROL ™ already marketed outside of the
United States, replaces tin compounds that have
been redtricted in marine antifouling applications
because of their environmenta impact, and mercury,
which is being restricted as an in-can preservative
for emulsion paints.

Environmental Advantages
Heavy metd salts, including both lead and chro-
mium compounds, have dominated the market for

corrosion protection of steel and auminum. Both
the lead and the hexavalent chromium compounds
used for corrosion inhibition, however, pose risks
of toxicity to human beings and environmental dam-
age. The organic substitutes combine comparable
anti-corrosion performance with lesser human and
environmental toxicity.

Alkyltin® compounds, while markedly effective
in antifouling paints for marine applications, have
been found to be unacceptably harmful to the envi-
ronment, primarily in their toxicity to non-target
aquatic organisms, owing to their persistence and
bioaccumulation on release from the antifouling
paint. Mercury, while an effective biocide in trade-
sales paints, also raises concern for its human tox-
icity (primarily in causing nervous system and de-
velopmental damage), and is coming under
increasing regulatory control in paints and other
applications. The replacement algicide offers com-
parable performance with reduced toxicity to hu-
mans and non-target species.

Other Advantages
Restrictions on alkyltin antifouling compounds have
led to their replacement with older formulations,
including traditional copper-based antifouling
paints, as well as with tin-containing formulations
designed to release less tin into the water; neither
has been adequate. In the former case, the degree of
antifouling protection provided is reduced, while in
the latter, the service life between regpplications is
significantly shortened.

The organic agicide developed by Ciba, in com-
bination with cuprous oxide, lasts longer and works
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amost as well as restricted tin compounds, particu-
larly in controlling slime. As the labor costs of re-
applying marine antifouling applications are far
higher than the costs of the paints, this represents a
significant cost advantage for coatings using these
organic-based antifouling compounds.

Disadvantages
Although the original form of anti-corrosion pig-
ment proved successful when used in an akyd paint
formulation common in Europe, it was found to in-
teract harmfully with components in various paints
in the US market. Overcoming these undesired re-
actions required significant reformulation, with tech-
nical service to customers by Ciba. The company
has since produced a modified form of the pigment
that reduces or eliminates these undesired reactions.

As will be discussed further (see “Barriers to
Development”), some coatings using the organic
corrosion inhibitor do not perform as well as chro-
mate-based paints in tests using accelerated salt
Spray to measure corrosion resistance.

Because it is till undergoing regulatory review,
the algicide is not yet available in the United States.
It has performed well in worldwide testing.

Direct Motivating Factors

In each case, Ciba s decision to proceed with prod-
uct development was based on an anaysis of an
identified, quantifiable niche market, athough po-
tential applications were identified in other markets.

In the case of corrosion inhibitors, interviews with
coating formulators indicated the formulators cus-
tomers were demanding industrial coatings that were
lead and chromate free (with no loss of perfor-
mance). This suggested a market for organic corro-
sion inhibitors, particularly as metal primers, that
Ciba had originally been investigating in the con-
text of water treatment.

The dgicide was originaly developed as an en-
hancement for tin-containing antifouling paints.
However, when these were restricted by regulations
on maximum tin release rates, their antifouling per-
formance was compromised (primarily by a signifi-
cant decrease in service life). Ciba determined that

if it could provide an organic substitute for the re-
stricted tin-based formulations, it should be able to
capture a significant fraction of the market for anti-
fouling compounds.

Indirect Motivating Factors

For each product, regulatory pressures fostered
market opportunities. For example, regulatory ef-
forts to control heavy metas (including hexavalent
chromium compounds) are continuing, for both
worker safety and environmental protection, and
regulatory pressures on these chemicals increased
in the 1980s. In automotive refinishing, sted struc-
ture, and aerospace applications, there has been
concern over worker exposures. Further, applica
tions in these areas can generate significant quanti-
ties of waste, and disposa costs can be substantially
reduced if the waste does not contain materials that
causeit to be legally designated as hazardous. There
are aso waste disposal costs associated with the
ultimate need to remove these coatings, which again
can be decreased significantly by the elimination
of toxic metals. New laws and regulations requiring
reporting of emissions and source reduction for chemi-
cds listed on EPA’s Toxics Release Inventory are also
a growing issue for coatings manufacturers.

The discovery that akyltin antifouling com-
pounds were damaging aguatic environments, as the
released tin persisted and bioaccumulated, led to
regulatory controls. Only those formulations releas-
ing less tin remained on the market. As noted above,
neither these antifouling formulations, nor the older
copper-based formulations that had been supplanted
by tin formulations, performed as well as the tin
formulations removed from the market.

Development Process

The corrosion inhibitors and the algicides resulted
from continuing research and development, which
was then directed at specific market niches where
Ciba had identified an opportunity to introduce prod-
ucts based on chemistries it had studied. Each is an
example of cross-fertilization between Ciba's coat-
ings activities and its work in agricultural chemi-
cals and water treatment.
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Organic corrosion inhibitors were being studied
by Ciba's water treatment business center in the
United Kingdom; when Ciba saw the opportunity
to replace chromium-based corrosion inhibitors in
industrial coatings, it screened promising com-
pounds for coatings use in Switzerland. The grow-
ing regulatory pressure on chromates and other
heavy metals in the 1980s spurred this effort.

Theinitial market focus for this effort was indus-
trial primers, where Ciba sought a share of the market
for replacements for chromates. Testing originally
focused on a typica European paint formulation;
as noted above, the transition to the US coatings
market required more work. Subsequently, research-
ers identified a potential use to improve adhesion
of urethanes to metal, as an in-can corrosion con-
trol agent, and in the packaging of corrosives.

The agicide was originated as an additive to
improve the performance of tin-based antifouling
formulations. When subsequent regulatory action
led to the substitution of |ess effective formulations,
Ciba explored the use of this organic compound, in
combination with cuprous oxide, to regain the per-
formance characteristics that had been lost from
reformulated tin-based antifoulants. Worldwide test-
ing in both static aging and actual hull tests demon-
strated the formulation’s effectiveness, and it is cur-
rently undergoing regulatory review for use in the
United States. With the product established in the
(non-US) marine antifouling market, Cibais exam-
ining other applications, such as use as an in-can
algicide to replace mercury.

Market Status

Ciba reported that it has taken longer than antici-
pated to establish both products in the market. For
the corrosion inhibitors, problems included incom-
patibility with the wide range of coatings formula-
tions used in the United States, the need to educate
and provide technical support for paint formulators,
and eventually the development of a modified prod-
uct. The agicide is still under regulatory review in
the United States, but has proven successful in ma-
rine antifouling applications in other markets world-
wide.

Corporate Environment

The new products represent cross-fertilization be-
tween different business units at Ciba, a biologi-
cally-oriented company manufacturing pharmaceu-
tical and agricultural products. It is typical for the
company that its coatings division would consider
pesticidal additives, and that both water treatment
and coatings business centers would be concerned
with corrosion control.

Ciba accepts that high-risk/high-reward research
and development projects take time. As a company
official noted, “The harder it is to get where you
want to be, the greater the comparative security once
you get there.”

Regulatory Environment
Regulatory environments differ for the corrosion
inhibitor and the algicide. For the inhibitor, regula-
tory pressures favor introduction. Federal worker
safety and health regulations, waste disposal regu-
lations, and right-to-know requirements al favor the
use of less toxic aternatives. Ciba reports, however,
that the coatings industry perceives an adversarial
relationship with regulators, particularly at the lo-
cal level, which may hamper product introductions.
The agicide requires safety testing to support
cost-benefit analyses under FIFRA, tending to off-
set the pressure favoring new products by restrict-
ing the old. Thus, while restrictions on tin-based
antifouling coatings favor introduction of an organic
substitute with comparable performance, the pro-
longed approval process, with its attendant uncer-
tainty, discourages the introduction of new prod-
ucts.

Market Environment

Industrial coatings is a small niche market. As noted
below, the entrenched nature of techniques for evalu-
aing corrosion resistance has hampered product
innovation.

To Ciba, the niche character of the industrial coat-
ings market, and the fact that new biologicaly ac-
tive compounds are rarely introduced, suggested that
an effective non-meta agicide could have a long
product life with little competition. Also, the ma-
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rine antifouling market is driven by costs that are
much greater than those of the antifouling agents
themselves - as is generdly true of industrial coat-
ing work. Ciba cites an estimate that 85 percent of
the cost of industrial coatings involves factors other
than materials, including labor, surface preparation,
and waste disposal. In the marine context, costs for
vessel down time and drydock fees, as well as the
impact of fouling on fuel consumption, further off-
set the costs of coatings.

Barriers to Development of Improved
Products

Ciba reports that a key problem in the commercia-
ization of organic corrosion inhibitors has been the
entrenched use of a single, poorly predictive test
(accelerated salt spray) as a standard of performance
by industry. The company believes chromate-based
corrosion inhibitors enjoy an advantage in this test
that does not reflect their actual performance. Ac-
cordingly, continued reliance on this test method is
seen by Ciba as retarding the introduction of safer
alternatives.

Industrial innovation, such as the replacement of
traditional tests with more appropriate tests and
specifications, requires both changes in attitude and
significant expense. Innovation has been found by
Ciba to be accelerated by regulatory review of haz-
ardous materials and by escalating disposal costs
(which may themselves be viewed as a result of
regulatory pressures, among others). To facilitate
innovations that reduce environmental risks, Ciba
wants regulators and industry to compare overall
risks of aternatives, so that restrictions are applied
to the more hazardous materias. Without regula-
tory pressure on hazardous materials, companies
will be less willing to assume the financial risk of
developing environmentally improved materias.

Ciba's corrosion inhibitors aso encountered a
technical barrier, the occurrence of undesirable
chemical interactions between its corrosion inhibi-
tor and some paint components in the US market.
This problem required a substantial investment in
customer education and technical assistance, and

eventudly the development of an improved prod-
uct.

An agicide must be registered with EPA as a
pesticide under FIFRA. In a niche market such as
agicides for paints, registration costs represent a
significant expense relative to the value of the total
market. Further, this expense tends to be unpredict-
able for innovative technologies. In the case of
Ciba's dgicide, this uncertainty amost led to can-
cellation of the project. Only the fact that the prod-
uct was successfully marketed outside North
America, in a different regulatory context, kept the
project on track. Once a company has entered a
market, however, these same barriers offer some
protection from competitors.

Life Cycle Consequences

The identified life cycle problems addressed by
these chemical replacements primarily concern their
ultimate disposition, athough other issues arise from
their use. No environmental issues associated with
raw materials or production were addressed in
Ciba s comments, athough the need for “cradle to
grave’ economic assessment was noted.

For corrosion inhibitors, the problems addressed
are the risks associated with application (risks to
workers and application waste) and ultimate re-
mova and disposal. For marine antifouling appli-
cations, agicides are “self-removing” and neces-
sarily enter the aguatic environment. The critical
problem is that toxic metal-based compounds re-
main and accumulate in this environment.

[Votes

1. Chemical compounds that combine hydrocarbon
groups with tin, increasing the tendency of the toxic
tin to be absorbed by living organisms.
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Devoe & Raynolds Co.

4000 DuPont Circle
Louisville, KY 40207

The Company

Devoe & Raynolds is a manufacturer of paints, var-
nishes, and allied products. A subsidiary of Grow
Group, Inc., it has approximately 1,200 employees.
Sales for the fiscal year that ended June 30, 1993,
were estimated at $145 million. Devoe & Raynolds
operates three plants (in Florida, Kentucky, and
Texas), with sales primarily east of the Rocky Moun-
tains. Another Grow Group company, Ameritone,
serves the market west of the Rockies.

The Improvement: Waterborne Paints
and Coatings with Low VOC Content and
Enhanced Performance

Devoe & Raynolds has introduced a range of
waterborne, low-VOC products, including acrylic
enamels (high-gloss and semi-gloss), 2-part polya
mide epoxy coatings (gloss and semi-gloss), acrylic
dry fog,” and wood stain & wood finishes. The per-
formance of these products exceeds that of most
water-based products, and in some cases that of sol-
vent-based products, allowing the user to obtain the
advantages of waterborne paints, without the sacri-
fices in performance that have previoudly been as-
sociated with these paints.

Environmental Advantages

All products contain less than 250 grams per liter
(g/l) total Volatile Organic Compounds (VOCs), as
measured by EPA-specified methods.” In contrast,
atypica gloss enamel might have as much as 411
g/l VOCs. They thus comply with al US and state
regulations, and their use is not restricted. For ex-
ample, the products conform with the California

South Coast Air Quality Management District Rule
1113.

As in the case of many waterborne coatings, these
products do not entirely eiminate VOCs, and for
certain products, some hazardous chemicals re-
main.” The key feature of this innovation is not sim-
ply the development of a low VOC paint, but the
development of low VOC paints that perform at least
as well as solvent-based formulations.

The use of waterborne formulations not only re-
duces air pollution but improves worker safety and
facilitates disposal. For example, al of these prod-
ucts are nonflammable (no flash-point), with the
exception of the epoxy, which has a flash point of
greater than 200° Centigrade. Solvent-based paint
wastes, such as unusable |eftover paint, generally
require disposal as hazardous waste, but wastes from
waterborne formulations do not.

Other Advantages
Like most waterborne formulations, these new
paints have less odor and can be cleaned up with
soap and water rather than solvents.* The key en-
hancements emphasized by Devoe & Raynolds are:
Coverage: The area covered per gallon of dry fog
is up to twice that of solvent-based products.
Adhesion/Surface Compatibility: The dry fog
adheres and resists rust better than competing
waterborne fogs; it will adhere to multiple mate-
rials. The epoxy can be applied over oil-based,
alkyd, or latex paints, unlike solvent-based ep-
oxies that lift and wrinkle alkyd enamels if used
to overcoat them. The enamel adheres to aged
alkyd or oil-based paints faster than alkyd enam-
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els. Unlike most latex enamels, which develop
adhesion dowly and poorly, this enamel will bond
to glossy surfaces without sanding.

Flow/Leveling: The flow and leveling character-
istics of the enamel approach those of akyd
enamels; the product aso atomizes better for
spraying than other latex enamels.

Drying: The enamel dries rapidly to a hard surface
and may be re-coated in two hours - faster than
typical latex gloss enamels or akyd enamels.
Paint stickiness is reduced, and the product yields
hardness equivalent to an alkyd, but faster.

Durability: The enamel develops a sufficiently hard
film to be effective for shelving or handrails; the
epoxy is suitable for painting concrete floors.

Gloss: Unlike most water-based enamels, the high-
gloss acrylic ename achieves gloss comparable
to solvent-based enamels.

Color Retention: The waterborne enamel does not
yellow as do alkyd or oil-based enamels.

Disadvantages

These paints cost about 10 percent more, but the
company says the difference does not appear to be
a significant impediment to acceptance. Rather, it
is their innovative nature that seems to be a market
hindrance, because customers (painting contractors)
tend to be conservative. The company is mounting
an active effort to demonstrate the paints perfor-
mance to these contractors, to overcome the per-
ceived disadvantage of any waterborne formulation.

Direct Motivating Factors

State regulations limiting VOC emissions were the
prime motivation for investing in formulations that
would overcome the deficiencies of waterborne
products in these paint categories. These regulations
affected parts of Arizona, California, Georgia, New
Jersey, and New Y ork, and meant that some Devoe
& Raynolds solvent-based formulations could not
be marketed in these areas. While the company may
not accept the underlying rationale for these regu-
lations, it accepts them as a condition of the market
in which it operates.

Indirect Motivating Factors

Worker safety concerns are important to Devoe &
Raynolds contractor customers; the low flamma
bility of these waterborne formulations is an added
advantage in this market. In addition, some of the
customers of the painting contractors (who are, in
turn, Devoe & Raynolds customers) are attempt-
ing to limit total VOC emissions and are specifying
low-VOC paints for their facilities. While explicit
environmental marketing is not a significant part of
Devoe & Raynolds' strategy, the water-based wood
stain and wood finish labels do include an “eco
friendly” logo.

Development Process
The lack of adequate water-based paint formulations
for high-gloss, high-durability applications repre-
sented an obvious market opportunity for Devoe &
Raynolds, given the regulatory strictures being ap-
plied to VOCs. Devoe & Raynolds marketing de-
partment, through field sales groups, advises man-
agement and the research and development
department on customer needs. Once management
decided to explore performance enhancements of
waterborne enamels and epoxies, responsibility
passed from marketing to the research and devel-
opment group. After Devoe & Raynolds was satis-
fied with its product formulation, products were
supplied to selected contractors to confirm their
acceptability before general production began.
The development process for the waterborne
enamels required about two years, which represents
an increase of 25-30 percent over the time normally
required for a new product. This added time reflects
the difficulty of the chemistry involved in achiev-
ing appropriate paint characteristics.

Market Status

These paints are intended not to replace existing
solvent-based products but to expand the market for
circumstances in which solvent-based paints may
be inappropriate, or where existing water-based
paints perform inadequately. Although the new
paints are proving successful in the market, displace-
ment of solvent-based products has been even less
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than anticipated. Still, in the two years that the prod-
ucts have been on the market, overall market share
has increased by 2 percent-the fastest growth for
any new product that Devoe & Raynolds has intro-
duced in the past 10 years. Devoe & Raynolds has
also dready licensed this technology to another
company.

Devoe & Raynolds believes that because of the
enhanced performance of these products (particu-
larly the enamels and epoxies), opportunities may
exist for expansion beyond the architectura mar-
ket, into product finishing by origina equipment
manufacturers.

Corporate Environment
Decisions on product innovations at Devoe &
Raynolds are generally made in group mestings in-
volving field representatives, marketing, and re-
search and development personnel. The absence of
layers of review alows for rapid decisions. These
products did not result from a particular “clean prod-
ucts’ effort, but rather from normal, market-driven
research and development. They represent an ex-
pected evolution of the product line in the face of
market limitations imposed by VOC regulations.
Grow Group, Inc., has developed a series of gen-
era environmental policy goals and statements that
are designed to assist its companies in complying
with all environmental regulations. The statements
are not specific for any product or product lines,
instead, they cover each major law and the appro-
priate health, safety, and environmental regulations.
The local facility and division management teams
are responsible for compliance at each location.
Devoe & Raynolds has representatives serving
on two of the National Paint & Coating Association’'s
(NPCA) committees. the Air Quality Committee
and the Water Quality and Waste Management Com-
mittee. The former is currently involved in negotia-
tions on regulations affecting VOC content in prod-
ucts, in response to the Clean Air Act Amendments
of 1990. The latter committee is involved in the
NPCA's Paint Pollution Prevention Program; a simi-
lar program will be incorporated within Devoe &
Raynolds in the next year. The Grow Group has an

active waste management effort for its companies,
focusing on the pollution prevention hierarchy (re-
duce, reuse, recycle, recover).

Safety, liability, waste disposal, and other envi-
ronmental costs are not accounted to individual pro-
duction processes, but the costs of lost materials are.

Regulatory Environment

As noted in Chapter 3, there is a range of state re-
strictions on VOC content in paint, generaly ap-
plying to areas within each state that are not in com-
pliance with ozone standards established under the
Clean Air Act. Those of the California South Coast
Air Quality Management District are particularly
strict, reflecting the severe smog problems of the
region. In addition, national regulations are expected
under the 1990 Clean Air Act Amendments. These
waterborne paints meet al VOC requirements of
federal and state regulatory authorities in the United
States, so they may be used in any jurisdiction.

Market Environment

Devoe & Raynolds primary customer is the pro-
fessional paint contractor dealing in architectural
coatings for the commercia and industrial sector.
Performance, rather than environmental character-
istics, is what counts for this market. However, some
of these contractors' client companies are concerned
about their total VOC emissions, and would seek
low-VOC paints for this reason. Military bases are
prominent among these. Paint contractors appear
reluctant to accept product changes, unless forced
to by external factors; thus, performance enhance-
ments have to be firmly proven to these customers
to gain market acceptance.

Customers served by painting contractors using
Devoe & Raynolds paints range from large ingtitu-
tional clients (the Houston Astrodome, automobile
companies) to individual residentia clients. The size
of the paint contracting companies varies accord-
ingly. The market is nationwide, although west of
the Rocky Mountains, the market is served by
Ameritone, a sister company that produces slightly
different product formulations tailored to meet re-
gional customer needs.
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In generd, this is a mature and relatively stable
market. While general recessions will tend to de-
crease new construction work for the painting con-
tractors who are Devoe & Raynolds customers, the
shortfall may be offset by an increase in mainte-
nance and renovation work. Innovation in the field
occurs primarily in response to such externa influ-
ences as regulatory changes.

Barriers to Development

of Improved Products

The most significant barrier to innovation encoun-
tered by Devoe and Raynolds has been the attitude
of professional painting contractors toward new
paint products. Especially where older customers
are involved, prejudices about the performance of
waterborne products impede acceptance of such
products for applications where solvent-based prod-
ucts have in the past performed well. Only externa
pressures will motivate these customers to change
from their currently preferred products.

Life Cycle Consequences

From an environmental perspective, the principal
effect of these new paint formulations is to reduce
emissions of VOCs in the paint application and dry-
ing process. No explicit life-cycle study has been
performed by Devoe & Raynolds, athough the com-
pany noted that waste water-based paints are sub-
ject to fewer lega restrictions than solvent-based
wastes.

Raw materials acquisition differs from that of
solvent-based paints, as solvent reguirements are
less for this product. However, these paints are dis-
placing solvent-based paints in only a few parts of
the market. No mgjor changes in equipment or pro-
cess chemistry were required, as Devoe & Raynolds
has been producing waterborne paints for years. The
change is a new application of waterborne paint
technology. Energy requirements are essentially the
same.

Notes

1. A rapidly drying architectural coating that adheres
to a wide variety of surfaces. Used, for example, to
coat ceilings in new construction.

2. Calculated VOC contents, according to EPA meth-
ods, and expressed as the weight of VOCs (in grams)
per liter of paint, vary among the products. 46 g/l
(dry fog), 142 g/l (wood stain), 143 g/l (wood fin-
ish), 181 g/l (gloss epoxy), 191 g/l (semi-gloss ep-
oxy), 192 g/l (semi-gloss enamdl), 225 g/l (high gloss
enamel). Devoe & Raynolds believes that EPA meth-
ods overestimate VOCs for waterborne paints, rela
tive to solvent-based paints with equivalent solids
content. Thus, a calculation of 225 g/l VOCs was
made for high-gloss enamel using EPA methods,
while the actua content was 112 g/l.

3. Ethylene glycol monobutyl ether, diethylene glycol
monobutyl ether, and butyl carbitol, used in the
enamel to coalesce the resin.

4. Thisisnot represented as an environmental enhance-

ment, but a convenience factor, in light of the water
pollution issues raised by all waterborne paints.

The Case Studies « 71



The Glidden Company (ICI Paints)

925 Euclid Avenue
Cleveland, OH 44115

The Company

The Glidden Company, with headquartersin Cleve-
land, Ohio, is a manufacturer of paints and coatings
for the consumer and industrial markets. It is a sub-
sidiary of ICI American Holdings, Inc., the US arm
of the British-based multinational, Imperia Chemi-
cal Industries. The Glidden Company operates ten
plants in six states. Of these, eight produce paints
and coatings; the remaining two produce adhesives
and caulks for Glidden’s Macco Division. Glidden
has 4,600 employees, with reported sales of $900
million for 1991.

The Improvement: Waterborne
Architectural Paints with No Organic
Solvents

Glidden has recently introduced two lines of latex
paints, Spred® 2000 (for consumer and contractor
markets) and Lifemaster® 2000 (for the contractor
market) with no added solvents and zero VOCs.
Since the introduction of latex paints more than 40
years ago, small amounts® of solvents have been
used to aid in application of the paint and in film
formation; this new formulation completely eimi-
nates the use of added solvents® while maintaining
the film-forming and application properties of con-
ventional latex paints. The product also eliminates
crystaline silica and formaldehyde preservatives.

Environmental Advantages

The elimination of solvents from these paints elimi-
nates any contribution of such VOCs to the forma
tion of ground level ozone, via reaction with oxides
of nitrogen. Moreover, workers formulating the

paint, and people applying the paint or inhabiting
freshly-painted areas, are spared any risks of toxic
solvents.

Other Advantages

The paint’s performance equals or exceeds that of
waterborne paints that contain solvents, in terms of
coverage, application, and other properties. It dries
faster than conventional latex paints and has virtu-
ally no odor. ( The “paint smell” from conventional
formulations can last for several days.)

Disadvantages

At present, the color range of both Spred® 2000 and
Lifemaster® 2000 is more limited than that of simi-
lar paints containing solvents, and point-of-sale tint-
ing is not yet available. Glidden anticipates that a
tint base that will alow the production of severa
hundred colors in both lines will be available by the
end of 1993.

The Lifemaster® 2000 formulation is currently
available only in an eggshell (satin) sheen finish,
while the Spred® 2000 is formulated in both flat and
semigloss finishes.

Currently, the per-gallon cost of this paint is
higher than that of conventional latex paints for simi-
lar applications, reflecting increased costs to Glidden
for the improved resins.

Direct Motivating Factors

Glidden has set a corporate environmental goal of
removing al solvents from its decorative products
by the year 2000.
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Indirect Motivating Factors

Current customer demand in this area is not high,
but Glidden anticipates that it will grow as the pub-
lic becomes more aware of the ozone and toxicity
problems associated with solvents in paints. Regu-
latory pressure, particularly for ozone nonattainment
areas, will also grow under the 1990 Clean Air Act
Amendments.

Development Process

Glidden has been involved in the development of
low-solvent (waterborne) paints for many years, and
market research had indicated high interest in “sol-
vent-less” paints.* However, the genesis of this line
of completely solvent-free paints was in the research
and development department, which brought the
possibility to the attention of marketing. The mar-
keting department, which has final decision-mak-
ing authority, approved the project.

Glidden developed the product over five years,
with collaboration and additional research by Rohm
& Haas, one of its resin suppliers. Besides Glidden's
research on paint formulation, resin development
work was needed. Following completion of the paint
formulation research, nearly two years was required
for product introduction, including extensive mar-
ket research into product features and market posi-
tioning. That research accounted, in part, for the
considerably longer time required to commercial-
ize this product than most of Glidden's new prod-
ucts require.

Throughout the project, Glidden kept ICI ap-
prised of developments. This served the dua goas
of enabling technica cooperation with other ICI
subsidiaries that might have developed relevant
technologies and of ensuring that 1CI companies
operating in other markets would be able to evalu-
ate the new product’s potential for those markets.

Market Status

As these products have been on the market a rela
tively short time, it is difficult to forecast their ulti-
mate effect on Glidden's market share and overall
sales. Although Glidden says that customers express
genera interest in environmentally enhanced prod-

ucts, some customers are reluctant on the basis of
additional cost, and some are skeptica of the need
for the improvement. The reduced color range cur-
rently available may also be abarrier to market pen-
etration.

Glidden intends to pursue its goa of removing
all solvents from its decorative products by the end
of the decade. As noted above, it expects to expand
the color range by the end of 1993. It adso believes
that as consumers learn more about solvents in
paints, demand should increase. As the use of the
technology represented by these products expands,
the price differential should decrease. Growing regu-
lation of VOCs in paint will also make the price
disadvantage less of a factor.

At present, these products are formulated for in-
terior applications in the architectural market.
Glidden foresees potentia for use in exterior paints,
both consumer and commercid. In the long term,
they may aso be applicable to the industrial main-
tenance market.

Corporate Environment

Glidden has a corporate policy of environmental
stewardship and believes it has responsibilities to
its customers, workers, and the communities in
which itsfacilities are located. It wants to be viewed
as credible and caring.

Glidden has written plans to reduce - or elimi-
nate if possible - solvents from its products. Now
that the technical and commercia feasibility of a
solvent-free product has been demonstrated,
Glidden’s god is to expand this non-VOC technol-
ogy as quickly as possible.

Waste disposal, lost materials, safety, liahility, and
other environmental management costs are not rou-
tinely allocated to specific products or product lines,
but are considered in assessing the costs of Glidden
operations.

Glidden (and ICI) has a technical merit award
plan to recognize employee contributions to al types
of product development, administered at Glidden
by a committee headed by the vice president of re-
search. While not a specifically environmental pro-
gram, it includes environmenta, as well as other,
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innovations. Two marketing managers and three
research and development technicians received
awards for the Spred® 2000 and Lifemaster® 2000
project.

Through its parent company, |Cl American Hold-
ings, Glidden is also a participant in EPA’s volun-
tary 33/50 Program aimed at reducing emissions of
17 toxic chemicals. However, this participation does
not affect the Spred®/Lifemaster® 2000 project.

Regulatory Environment

No specific regulatory requirements have been iden-
tified that apply to these products that would not
apply to any latex paint. Because such paints (un-
like some alkyd formulations) are not regulated as
hazardous wastes, there is no impact on waste dis-
posal. Pending a complete transition to solvent-free
formulations, there has been no changein Glidden's
regulatory environment. However, when completed,
the changeover to non-solvent paints may reduce
Glidden’s reporting requirements.

Market Environment

Within the architectural paints market, particularly
the consumer sub-market, large suppliers tend to
dominate. For the most part, market changes reflect
a series of minor enhancements to existing product
lines, with occasional innovation leading to intro-
ductions of new product lines.

Both the new product lines, and the conventional
formulations they resemble, are marketed nation-
wide in the United States, as well as in Canada and
in Europe.”

Barriers to Development of Improved
Products

Because the development of this product reflects a
genera corporate commitment, there was little in-
ternal reluctance to pursue the project. Company
officials were concerned about customer willing-
ness to pay more for an environmentally improved
product. This concern, as noted, was apparently
well-founded; Glidden intends to address it by con-
sumer education.

Glidden held two considerations uppermost for
the successful introduction of an environmentally-
enhanced product. The first was the need to main-
tain or exceed performance leves of existing prod-
ucts; the second was to ensure that customers
understood and accepted the reason for the change.

Life Cycle Consequences

No forma life cycle analysis appears to underlie
the introduction of these paints. While the focus of
this innovation is on reducing the release of VOCs
during the paint application process, the fact that
solvents are eliminated from these paints also has
implications for releases at other life cycle stages:
There would be no release, for example, during paint
formulation. The displacement of other paints from
the market by such solvent-free paints could lead to
decreases in the production of solvents such as eth-
ylene glycal.

Notes

Certified as less than 1 gram per liter by Scientific
Cetification Systems.

Between 2 and 6 fluid ounces per gallon (between
1.6 and 4.7 percent by volume).

The principle solvents eiminated are ethylene gly-
col and glycol ethers. Also, the paints use ingredi-
ents that do not require the use of unreacted solvents
in their formulation. It is possible that the paints could
contain small amounts of free monomer from the la-
tex polymerization, or contaminants in raw materi-
als, that could be detected by sensitive anaytical
methods, but even these are certified as being less
than 1 gram per liter.

This appears to reflect a desire to avoid paint odors,
as much as or more than environmental concerns. In
Glidden's view, the public appears to be uncertain
regarding the extent of the environmental problem
posed by paint solvents.

Specific paint formulations may vary from country
to country, athough all formulations meet the same
“solvent-free” criteria.
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Huls America, Inc.

80 Centennial Avenue
P.O. Box 456
Piscataway, NJ 08855-6800

The Company

Huls America Inc. (Hils), with 12 plants across
eight states and two plants in Canada, is the US sub-
sidiary of Hils AG, a chemical company headquar-
tered in Marl, Germany. Hils AG isitself a subsid-
iary of VEBA AG, one of Germany’s largest holding
companies. Hills produces plastics, adhesives, spe-
ciaty chemicals, and products for the coatings in-
dustry. Huls has approximately 1,500 employees,
and reported sales of $200 million in 1991.

The Improvement: Paint Colorants
Completely Free of VOCs

In the autumn of 1993, Hills introduced to the mar-
ket a line of universal] colorants for machine tint-
ing of paint that have no Volatile Organic Com-
pounds (VOCs). These “point of sale’? colorants
are “drop-in” replacements for Hils's existing line
of such colorants, with identical application and ad-
dressing the same color range.

Environmental Advantages
The colorants for which the new products are a sub-
gtitute contain 25-30 percent ethylene glycol or di-
ethylene glycoal. Ethylene glycol is both toxic and a
VOC subject to regulation to prevent air quality
degradation. Unlike propylene glycol, a substitute
for ethylene glycol that islesstoxic but still aVOC,
the substitute chemicals in these colorants address
both toxicity and volatility concerns. These chemi-
cals are not regulated as hazardous, and are used in
the pharmaceutical industry. The only chemical that
vaporizes from the colorant is water.

Huls estimates that complete substitution of its

current line of colorants with these new non-VOC
formulations will lead to a decrease of 6 million to
7 million pounds of ethylene glycol emissions in
the United States, and 2 million pounds in Europe.

Other Advantages

The new colorants were explicitly designed to be
drop-in substitutes for existing colorants, but turned
out to improve performance. The ethylene glycol
in existing formulations can retard paint drying and,
with high humidity, lead to streaking in the paint
finish. Ethylene glycol also adversely decreases
paint viscosity. All of these disadvantages are elimi-
nated in the new colorant formulation.

Disadvantages

Ethylene glycol and glycol ethers are inexpensive
commodity chemicas, while the substitutes in-
volved in these new colorants are not. The replace-
ment colorants cost approximately 20 percent more
than the products they replace. While a relatively
small element in the total cost of the paint (particu-
larly if application costs are considered), it appears
to be enough to make some paint manufacturers
reluctant to switch. Hils customers indicate that a
price differential of 10 percent, rather than 20 per-
cent, might yield wider acceptance. Hils expects
that as market and regulatory pressures on VOCs
increase, the price disadvantage will diminish.

Direct Motivating Factors

The key motivating event occurred when scientific
evidence indicated that ethylene glycol was poten-
tially teratogenic. This finding required a modifica-
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tion of the chemical’s Material Safety Data Sheet
(MSDS),? and triggered safety notification require-
ments for products that contain it. To avoid the need
for warnings on product labels, the company de-
cided to remove ethylene glycol from the product.

Propylene glycol was considered as one aterna-
tive to ethylene glycol, asitstoxicity is much lower.
However, shortly after Hils became concerned over
the toxicity of ethylene glycol, customers (paint
companies) began to request colorants that had little
or no VOC content. Subgtitution of propylene gly-
col for ethylene glycol would actually have in-
creased the VOC content of the colorant, in order
to achieve the same degree of freezing point de-
pression (an important colorant characteristic)
achieved with ethylene glycal.

Faced with these two environmental goals for
their colorant products, Hiils initiated a research
program focused on the creation of low-VOC or ho-
VOC substitutes that completely eliminated ethyl-
ene glycol. While a low-VOC substitute was deemed
acceptable (a goal of 100 grams/liter),* Hiils aimed
a lowering VOC content well below foreseeable
regulatory limits, in order to avoid the expenditure
of continually reformulating the colorants to lower
VOC content.

In 1990, Hils launched a five year research ef-
fort to develop a substitute universal colorant. While
research on a universal colorant was proceeding,
Hils introduced COVON™ colorants, which are
VOC free but suitable only for water-based paints
and cannot be used in point of sale applications;
they also have a shorter shelf-life and lesser color
range than Huls universal colorants, and have had a
relatively small impact in the market.

Indirect Motivating Factors

Each aspect of the environmental improvement in
Huls colorants reflects the activities of regulatory
agencies. With regard to the elimination of ethyl-
ene glycol, the requirements of OSHA on MSDSs
made Huils aware of ethylene glycol toxicity. La
beling requirements meant that in addition to inter-
nal concerns, continuing to include ethylene glycol
in their colorants could lead to loss of customers.

VOC regulation also played arole. Not only have
severa states (Arizona, Cdifornia, Georgia, New
Jersey, New York, and Texas) begun to regulate the
total VOC content of paints, either in certain areas
or statewide, but the US Environmental Protection
Agency (EPA) is developing national regulations
under the Clean Air Act Amendments of 1990.

Hils indicates that as a company that invests sub-
stantially in research and development, it also had
a particular interest in cases where the majority of
the industry deemed a regulatory goal unattainable.
Huls viewed these as market opportunities for tech-
nological innovation. The new colorants were an
example. Hils views continuous innovation as nec-
essary to maintain leadership in the market.

Development Process

The marketing department requested that research
and development create, within five years, drop-in
substitute colorants with less than 100 grams per
liter total VOCs. Although skeptical, research and
development initiated a research program. To sup-
port it, marketing diverted resources normally allo-
cated to routine work on gradual product enhance-
ment.

As it turned out, research and development was
able to eliminate VOCs completely. As it became
clearer that non-VOC drop-in substitute colorants
were feasible, Hils accelerated the allocation of
resources to this research effort. Although a five-
year development schedule had been considered
optimistic, it took only three years to develop these
colorants. As soon as the aternative chemistry was
demonstrated to be technically feasible, develop-
ment proceeded rapidly.

Toward the end of the development process, Hils
supplied some of its major customers with test
samples of these colorants. They quickly met with
technical, if not economic, acceptance.

Market Status

Two of Hil's customers have low-VOC paint prod-
uct lines and are committed to promoting these
colorants for those lines. Although the new colorants
represent a drop-in substitute for existing products,
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requiring no capital investment by customers, and
although they combine several technical advantages
along with environmental improvement, Hils an-
ticipates that they will only gradualy come to
replace those existing products. Customers indicated
that the additional cost outweighs the advantages
under current conditions. This may reflect the fact
that for many paints, the VOC content contributed
by colorants is a small fraction of the total content.”
Accordingly, the reduction in VOCs offered by the
colorants will be significant only for those paint
manufacturers who have reduced, or will be reduc-
ing, the other sources of VOCs in their paints.

Although this product is ultimately used by re-
tail paint consumers and painting contractors, Hils
customers are the paint companies. Consumer pref-
erences are not yet having a significant impact on
this product. If strong consumer preference develops
for VOC-free paint formulations with a wide color
range, the price objections of paint companies might
be offset by the ahility to pass such costs on.

Corporate Environment

Worldwide, Hils has a corporate commitment to
environmental and employee protection. It seeks to
ensure that all of its plants comply fully with all
hedlth, safety, and environmental quality regula-
tions. The company engages in constant monitor-
ing and research aimed at reducing emissions from
manufacturing, and it endorses the Chemical Manu-
facturers Association’s “Responsible Care” pro-
gram. The introduction of these colorants reflects
this commitment.

Environmental decison-making and the devel-
opment of new products are both strongly influenced
by Hils Total Quality Management (TQM). TQM
work groups meet at least monthly to address qua-
ity issues, newdetters distribute information on
TQM activities, and bonuses (in the form of bonds)
are awarded. “Corrective Action Teams’ cross cor-
porate divisions to address TQM issues. In concert
with the TQM principle, Hils providesits divisions
with considerable operational authority and dis-
penses with multiple layers of management review
and approval. The colorants project was initiated

and brought to completion under the authority of
US management.

Regulatory compliance, liability, and waste dis-
posa costs are not routinely charged back to indi-
vidual product lines at Hills. However, Hils em-
ploys materials tracking® for process streams that
includes wastes and off-grade materias. This sys-
tem could be used to dlocate wastes to process
streams if doing so were determined to be desir-
able.

The research and development department is
chartered to anticipate customer needs, to enable
the firm to maintain its leadership position in the
market. Research and development is advised by
marketing, which relies on informal consultations
with customers rather than formal market research.
The colorants project is an example of such a re-
sponse to, and attempt to anticipate, market condi-
tions, rather than an interna pollution control or
prevention decision.

Regulatory Environment

As noted above, a key motivation for developing
these new colorants was the requirement that prod-
uct labels for the existing formulation warn of the
toxicity of ethylene glycol. This requirement does
not apply to the new formulation, as ethylene gly-
col has been eliminated.

The eiminated chemicals are subject to federa
reporting to the Toxics Release Inventory (TRI); in
addition, New Jersey, in which Huls headquarters
and one of its three US colorant plants are located,
has notably stringent environmental reporting regu-
lations for any substance with an MSDS, such as
these. Even complete substitution of current color-
ants with the new formulation, however, would not
relieve Hils of these reporting responsibilities, as
there are other uses of these chemicals at Huls plants.
In general, this change in product composition will
not affect the overal regulatory environment in
which Huls operates, but will change the specifics
of product labeling and reporting to regulatory au-
thorities.
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Market Environment

Huls America supplies point-of-sale colorants to
paint manufacturers, who in turn provide these
colorants to paint users via retail paint outlets. In
this market, Hils is the mgjor supplier. The bulk of
Huls's market is represented by large paint compa-
nies. Some of these emphasize innovation in envi-
ronmental matters, while others concentrate on regu-
latory compliance. A number of smaller paint firms
generaly follow the example set by the larger com-
panies.

The market for point-of-sale colorants is gener-
ally considered a “mature’” one, in which small in-
cremental product enhancements, rather than dra-
matic changes, represent the technica basis of
competition. HUlS colorants market covers the en-
tire United States, with some sales in Europe. In
genera, market pressures for low-VOC or non-VOC
colorants have been stronger in Europe than in the
United States. This may reflect the fact that most
US paints contain relatively high VOC concentra-
tions, as noted above. As pressure grows for low-
VOC or non-VOC paints, Hils anticipates that its
market for the new non-VOC colorants could ex-
pand beyond point-of-sale into both in-plant paint
colorants and artists' supply paints.

Huls has not used the services of any “eco-labdl-
ing” organization in marketing these colorants, nor
has it made any environmental claims for them,
other than the factual claim that these colorants con-
tain no VOC:s. It should be kept in mind that while
these colorants are used at retail paint stores, Hils
customers are paint companies, rather than retail
purchasers of paints.

Barriers to Development of Improved
Products

As noted above, increased costs may present some
barrier to market penetration. Huils officials, how-
ever, beieve the prime barriers to the innovation
itself were technical. For example, various mixtures
of non-volatile ingredients resulted in a mixture with
measurable VOC content. Moreover, they noted that
the measurement of VOC content was not aways
straightforward, given the inherent variability of the

process.” Measured in this way, and given some in-
herent inaccuracy in any measurement, total VOC
content ranges from dlightly above zero to dightly
negative.*

Life Cycle Consequences

No explicit anaysis of the colorant or paint life cycle
was conducted in deciding to pursue this product
improvement. Rather, the innovation represents a
response to customer concerns and regulatory (la
beling) requirements. However, Hils officials noted
the following consequences of the substitution over
the life cycle of the product:

If the new colorants totally replace the current
product, suppliers of ethylene glycol (commodity
chemical companies) will have logt this fraction of
the market (6-7 million pounds/year of ethylene
glycal). This is worth approximately $1.2 million
at current prices. It is not known whether other uses
of ethylene glycol would expand to use this pro-
duction capacity, but commodity chemical compa-
nies are developing ethylene glycol substitutes (pri-
marily propylene glycols) for many applications. A
corresponding increase in purchases of the (propri-
etary) subgtitute chemicals by Huls would be ex-
pected.

The prime impact within Huls facilities involves
worker safety. Chemica mixing tanks are heated
(but have exhaust hoods). A complete product
changeover would eliminate the possibility of eth-
ylene glycol exposure.

Huls worked to maintain compatibility with capi-
tal equipment and with customer paint formulations
in developing the substitute colorants as drop-in
replacements; thisis likely to minimize downstream
effects of the substitution. Little impact is likéely in
the immediate future for any ethylene glycol or
diethylene glycol release reporting by customers,
because the colorant is generally less than 2 per-
cent of paint. However, the prime use of these color-
antsis likely to be in combination with reduction of
other sources of VOCs. It should be remembered
that the hazardous chemicals being replaced evapo-
rate completely during paint use. Accordingly, there
is an ultimate potential reduction in annual envi-
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ronmental (atmospheric) releases of 6-7 million
pounds.

Colorant packaging represents a continuing dis-
posal cost for retail outlets; these materials are ei-
ther returned to the paint company or, probably more
frequently, disposed of as municipal solid waste.
Huls believes that the bright colors of the colorants
may draw attention to this discarded material. This
could mean that awarning label required for a prod-
uct with ethylene glycol would be more likely to be
noticed than for other products, and might lead to
difficulties in disposing of packaging.

Notes

1. A “universa” colorant can be mixed with either wa-
ter-based or solvent-based paints.

2. Thisdenotes a colorant that is used to produce a cus-
tom tint for a customer, for example at a paint store,
as opposed to a stock colorant added to the paint at
the factory.

3. Under the Occupational Safety and Health Act, sup-
pliers of a chemica must provide an MSDS, listing
hazards known to be associated with a chemical or
mixture. The Occupational Safety and Health Admin-
istration (OSHA) requires that this information be

&>

communicated to workers, and the Consumer Prod-
uct Safety Commission requires appropriate warn-
ing language on product labels.

100 grams of solvent in each liter of colorant.

. The colorant represents a small fraction (approxi-
mately 2 percent) of the total paint mixture. Thus, if
the colorant were the only source of VOCs in the
paint, and had 100 g/l of VOCs, the paint would have
only 2 g/l of VOCs. In redity, even “low-VOC" paints
have up to 200 g/l of VOCs, and it would not be un-
usual for a norma waterborne paint to have 400 g/l
of VOCs.

This means that detailed records are kept of physica
guantities of raw materias, wastes, etc., and can be
traced to specific product lines. The distinction from
full-cost accounting is that this is not alocated on
the basis of economic effects.

EPA specifies the procedures for measuring VOC
content, which involves measuring total volatiles and
voldtility attributable to water, with VOC content
calculated as the difference between the two mea
surements.

In reality, of course, “content” cannot be negative,
but must be zero or greater. The finding of a negative
value merely indicates the imprecise nature of the
process.

The Case Studies « 79



Miles, Inc.

Mobay Road
Pittsburgh, PA 15205-9741

The Company

The Industrial Chemicas Division of Miles, Inc.,
produces raw materials for the paint and coatings
industry at plants in New Martinsville, West Vir-
ginia and Baytown, Texas. Miles is a research-based
company with major businessesin chemicals, health
care, and imaging technologies. The company’s
1992 sales were about $6.5 billion. Miles employs
some 26,000 people and has 57 locations through-
out North America.

The Improvement: Polyurethane Coating
System for Steel Structures to Overcoat
Lead-Containing Paints

Miles has developed a series of polyurethane paint
components that permit overcoating of steel struc-
tures without complete remova of old lead-based
paint, significantly decreasing the risks and expense
of removing the lead-based paint.

A moisture-curing polyurethane primer contain-
ing micaceous iron oxide or auminum is applied to
areas of exposed sted after spot removal of rust and
old paint in areas of corrosion or paint breakdown.
A polyurethane intermediate coat is then applied to
the entire structure, including areas where previ-
ously applied lead-based paints are intact, followed
by a polyurethane topcoat.

Environmental Advantages

The problems posed by the use of |ead-based paints
to protect steel structures such as bridges have been
extensively discussed in the popular, trade, and sci-
entific press. To repair corrosion and repaint these
structures to prevent further corrosion, it has gener-

aly been necessary either to continue to use lead-
based paints,’ or to remove the existing lead-based
paint entirely. The alternative of continuing to use
lead-based paints entails significant risks and has
been substantially eliminated by the waste-disposal
restrictions imposed by the Resource Conservation
and Recovery Act (RCRA), as well as by explicit
regulation of paints used for structural rehabilite-
tion and repainting, primarily by state governments.

Traditional methods of paint removal from steel
structures - generaly open-air abrasive blasting
- contaminate the environment near the structure
and generate large quantities of hazardous waste that
are difficult and expensive to dispose of. Recently,
most states have mandated total enclosure methods
for the removal of lead-based paint, to minimize
general environmental contamination during and
after paint removal. While effective in reducing
general environmental contamination, however,
containment systems risk increased occupational
exposures for workers removing the paint. This di-
lemma has led to significant delays in the mainte-
nance and repainting of these structures, as effec-
tive containment systems compatible with
Occupational Safety and Health Administration
(OSHA) regulations on worker exposure could not
be developed at reasonable cost.

Overcoating with paint systems incorporating
Miles resins provides an aternative to complete
remova of lead-based paints from the structure,
because the overcoating paint will adhere to a mini-
mally prepared surface, including one that is lead-
based. Removal is necessary only for those areas in
which paint failure (chipping, flaking) or corrosion
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has occurred.

These paints also comply with current regulations
on VOCs for paints used on steel structures. None
exceeds 3.5 pounds of VOCs per gallon of paint
(420 grams of VOCs per liter); the primer, interme-
diate, and topcoat contains 2.8 pounds per gallon
(336 g/l) VOCs.

Other Advantages

This approach to structural maintenance not only
reduces the generation of hazardous waste and the
risks of occupational exposure to lead or environ-
mental contamination, but may also save money
because less surface preparation is required. Miles
estimates the cost to be approximately one-half that
for repainting that requires full removal without
containment, and one-quarter of the cost with con-
tainment.

The new paints offer advantages even if the con-
dition of the old paint requires full removal. The
moisture-curing properties of the polyurethane mean
that painting can continue in conditions of high hu-
midity - up to 99 percent - and while the paints
must be applied above freezing, they will cure at
below-freezing temperatures.

The primer also dries to the touch rapidly-within
15-30 minutes - allowing priming and repainting to
occur in relatively close proximity. Recoating times
of two to four hours for the primer and two to four
hours for the intermediate and topcoat allow rapid
completion of a given area, which may be impor-
tant when operating in a containment structure that
must be moved, or when painting operations inter-
fere with other activities such as traffic.

Disadvantages
The coating system is not applicable to overcoating
if more than 30 percent of the structure has paint
failure or corrosion, unless total removal of earlier
paint is required.

Direct Motivating Factors

The concept of overcoating lead-based paints with
less hazardous alternatives has been around for a
long time, according to Miles. Its overcoat approach

was used on one bridge project as far back as 1978.
Cost was the key issue at that time however, as
long as lead paint could be used for spot mainte-
nance, both overcoating and complete removal of
lead paint were at a competitive disadvantage. In-
creased concern over the harmful effects of lead to
the environment and to workers, coupled with new
requirements for enclosures when removing lead-
based paint, have made the economics of
overcoating far more attractive.

Indirect Motivating Factors

Given the high concentrations of lead in paint re-
moved from sted structures, removed paint often
gualifies as a hazardous waste under RCRA. More-
over, traditional removal methods can result in the
dispersal of lead over asignificant area. The Trans-
portation Research Board of the National Research
Council reported a survey of bridge painting con-
tractors in 1992 indicating that 70 percent of the
bridges painted required some kind of containment.
The combined need to prevent general environmen-
tal contamination from paint removal, while ensur-
ing adequate safety for paint removal workers, rep-
resents a nearly insoluble engineering problem; at
best, it can make complete lead removal very ex-
pensive. Thus, a strong economic incentive exists
for a bridge maintenance system that neither con-
tinues to use lead-based paint, nor requires com-
plete removal of old lead-based paint.

Development Process

A paint system based on Miles's polymer chemis-
try was applied in a bridge overcoating project in
1978. The paint has performed well in intervening
years; as of 1992, less than 5 percent of the bridge
showed signs of corrosion, and gloss retention was
still good. This bridge, located in an industrial area
in Pennsylvania with heavy commercia traffic, is
exposed to a variety of air contaminants. A mois-
ture-curing spot primer containing aluminum based
on Miles Desmodur E-series aromatic polyisocya
nate, an intermediate coat based on the same com-
pound, and a two-component polyesteraliphatic
polyurethane topcoat based on Desmophen polyes-
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ter polyol and Desmodur N aliphatic polyisocyanate
was used.

Over the years, Miles has further developed the
polyurethane-based system.? The resulting coatings
have performed well in three-year weathering tests
in Florida and have been applied to steel structures
in widely varying climates. A system using these
coatings (with a zinc-based, rather than aluminum,
primer) was used in a project that involved com-
plete removal of lead-based paint, in total contain-
ment, in 1992- 1993.

Market Status

As noted above, recent changes in the economics
of bridge and other stedl structure maintenance have
had a significant impact on the costs of overcoating,
relative to other maintenance approaches. Paints
based on Miles's polymer technology were used on
two bridge painting projects in the Pittsburgh area
in 1993, and were to be applied to two bridges in
Kentucky in 1994. Miles is promoting the technol-
ogy in other states, 16 of which currently use or are
evaluating the overcoat technology.

Corporate Environment
Miles is a Chemcia Manufacturers Associaton
member subscribing to the “Responsible Care’ prin-
ciples, and a participant in EPA’s 33/50 Program to
voluntarily reduce emissions of 17 chemicals 50
percent by 1995. In addition, Miles sinternal Waste
Reduction and Management (WRAM) program pro-
posed to reduce all wastes (air emissions, water
emissions, and solid waste) 50 percent by the end
of 1993, relative to 1987 levels. At the end of 1992,
Miles had achieved reductions of 44 percent.
Miles also employs a “Total Quality Manage-
ment” approach to its general operations that as-
sists the company’s WRAM efforts.

Regulatory Environment

Three phases of regulation affect this painting sys-
tem. First, Miles is regulated as a commodity chemi-
cal company, dealing with the toxic risks posed by
the isocyanates’ on which these resins are based.
Second, the paint formulators who are Miles's cus-

tomers face similar concerns regarding the resins,
particularly for the two-part paints (each paint com-
ponent being reactive). Finally, there are concerns
for workers who apply the paint.

With respect to the first two stages, Milesis gov-
erned by Toxic Substances Control Act (TSCA) re-
quirements on the evaluation of new chemicals,
OSHA standards for its production facilities, emis-
sions regulations under the Clean Air Act and Clean
Water Act, RCRA waste regulations, and release re-
porting to the Toxics Release Inventory.

In the paint application process, regulations cover
VOC releases, as well as the remova of existing
lead paint. As noted above, Miles states that the
paints can be formulated to comply with al current
relevant VOC requirements. Because removal of
intact lead paint is not required, regulatory require-
ments will be less burdensome when this system is
applied than when an aternative system requiring
paint removal is specified. Less lead-containing
paint waste will be generated, and spot removal of
deteriorated paint does not require large-scale abra-
sive blasting, as is generally needed for complete
paint removal. The reduced lead paint removal aso
facilitates compliance with OSHA requirements
regarding worker exposures.

Market Environment

State transportation or highway departments com-
prise a major fraction of the ultimate market for these
paints. It is unusual for state transportation depart-
ments to use any paint manufacturer's “off the shelf’
product. Rather, they take one of three approaches
to specifying the paint to be used when they issue a
contract for bridge maintenance: some states have
a list of qualified products; others, such as Texas,
provide a paint formulation specification; still oth-
ers issue a performance specification. Actual speci-
fications are subject to constant change.

Miles's approach to marketing, therefore, is to
ensure that state agencies are aware of Miles' s tech-
nology, so that it can be incorporated into their paint
specifications. In effect, although Miles's custom-
ers are paint formulators, for this market Miles must
devote significant marketing effort to the end-use
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consumers of the paint, its customers customers.
For other uses, such as heavy-duty industrial main-
tenance, marketing is more straightforward, as the
painting contractor would negotiate paint specifi-
cations with the owner of the facilities.

Barriers to Development of Improved
Products
Miles officials note that the Premanufacture Notice
program administered by EPA under TSCA appears
to have dowed down in recent years. While it was
formerly possible to bring a chemical to market in a
few months, it now can take between one and two
years to complete review of a new chemica. They
also noted that the recent OSHA standards for lead
exposure in the construction industry may tend to
lessen the advantage of overcoating systems, rela-
tive to complete removal of lead paint. Although
exposures from hand-tool cleaning used in spot re-
movals are generaly far lower than those associ-
ated with complete removal, they may still exceed
the permissible exposure levels and are likely to
require air monitoring and medica surveillance of
workers, at least until it is demonstrated that unac-
ceptable exposures do not occur. These monitoring
and surveillance costs represent a significant frac-
tion of the current cost differential between spot
removal and total removal.

Miles officials al'so note that state specifications
for paint performance are tightening, with increas-
ing likelihood of requiring actual environmental

testing, rather than dependence on accelerated labo-
ratory testing. Obvioudly, a three-year delay for a
paint durability test significantly slows the intro-
duction of new paint products.

Life Cycle Consequences

Miles officials note that the overcoating method does
not completely solve the environmental problems
posed by earlier use of lead paint on bridges and
other stedl structures. Rather, it allows maintenance
to proceed without unacceptable harm to workers
or the environment. Eventualy, however, dl of the
lead-based paint on bridges will have to be dealt
with, even if it can be deferred until bridge demoli-
tion.

Notes

1. Most other paints suitable for steel structures do not
adhere satisfactorily to lead paints that have been in
place for some years.

An dternative, lower viscosity aromatic polyisocya
nate has been developed for the spot primer. An d-
ternative intermediate coat is a two-component sys-
tem, based on Desmophen acrylic polyols and a
Desmodur N aiphatic polyisocyanate. For the top-
coat, Desmophen acrylic polyols can be used in place
of the earlier polyester polyol with Desmodur N ali-
phatic polyisocyanates.

3. A compound containing the isocyanate radical - NCO.
Monoisocyanates are in use, but the term isocyanate
usudly refers to a diisocyanate.

)
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National Starch and
Chemical Company

10 Finderne Avenue
Bridgewater, NJ 08807

The Company

National Starch and Chemica Company manufac-
tures adhesives, sealants, and synthetic resins, as
well as speciaty starch products derived from wet-
corn milling. It is a subsidiary of Unilever United
States, Inc., which isitsalf a subsidiary of the mul-
tinational Unilever, based in the United Kingdom
and the Netherlands. National Starch has approxi-
mately 7,600 employees, with reported sales of $1.8
billion in 1992. It operates 26 plants in 17 states.

The Improvement: Hot-Melt Adhesives
that are Repulpable
National Starch has introduced a series of hot-melt
(thermoplastic) adhesives that disperse in water,
enabling paper products that have been made using
hot-melt adhesives to be reduced again to paper pulp
and effectively recycled. The adhesives can be cus-
tomized for a variety of applications. While the ad-
hesive technology involved has been available for
some years, National Starch has recently begun an
intensive effort to introduce it into markets where
the paper content of the product may be recycled.
These adhesives rely upon completely different
polymers, developed by National Starch, from those
used in conventiona hot-melt adhesives. While both
the polymers and the polymerization process are
different, however, the adhesives are “drop-in” sub-
stitutes for conventional adhesives, and do not re-
guire customers to change either their equipment
or their procedures.

Environmental Advantages

Hot-melt adhesives are widely used in paper prod-
ucts ranging from books to corrugated cardboard
cartons. While they may represent a small fraction
of the total mass or volume of such products, they
have proven to be a significant barrier to paper re-
cycling. Most paper recycling involves repulping,
in which the paper product is broken down back
into fibrous pulp, usually in a process involving hot
water and mechanical shear. Because the hot-melt
adhesives in general use are not water-soluble or
water-dispersible, they remain in solid form during
this process. As a result, when the pulp is formed
into new sheets of paper, these remaining hits of
solid adhesive may cause malfunctions in the pa
per-forming machinery, necessitating shutdown and
repair. In severe cases, the machinery may be dam-
aged. Moreover, pieces of the adhesive may become
embedded in the recycled paper, rendering it unfit
for many uses. For example, most adhesives will
not absorb ink, as paper does, leading to problems
in printing on the recycled paper. They may also
cause the layers of aroll of paper to stick together,
ruining the entire roll.

The adhesives developed by Nationa Starch, in
contrast, disperse completely in the hot, agitated
water used in the repulping process." Because the
adhesives are then uniformly dispersed throughout
the recycled pulp in concentrations too low to af-
fect its properties, rather than remaining as a col-
lection of solid particles, the problems of machine
damage and lowered paper quality are eliminated.
Similarly, the paper produced will not be rendered
unusable by the inclusion of adhesive particles.
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Other Advantages

The new adhesives provide better adhesion to some
paper types than do conventional hot-melt adhe-
sives. There are aso applications other than recy-
cling in which water-sensitivity is a useful property
for an adhesive.

Disadvantages

Repulpable hot-melt adhesives are approximately
twice as expensive as the conventional products that
they replace. While the price of the adhesive may
represent an extremely small fraction of the overal
price of an item (such as a cardboard box),” cus-
tomer reluctance to pay this increased price repre-
sents a significant barrier to commercial introduc-
tion of these adhesives.

Direct Motivating Factors

The drive to introduce these products into the hot-
melt adhesives market reflects an overall commit-
ment by National Starch to environmenta steward-
ship,® as well as the belief that in the future
environmental concerns will be important market
drivers, athough they are not as yet. Informal mar-
ket research indicated that the market for such a
product would expand. Nationa Starch’s goa is
both to replace the conventional (non-repulpable)
hot-melt adhesives it currently sells, and to increase
its share of the market for hot-melt adhesives.

Indirect Motivating Factors

National Starch believes recycling of paper prod-
ucts will be an increasingly important concern in
the future, as environmental issues related to waste
disposal and raw materials acquisition become more
widely appreciated. This may be reflected in regu-
lations (such as recycled-content laws) and other
actions that influence the market for paper prod-
ucts, and correspondingly, for adhesives used with
paper products.

Development Process

The polymer chemistry that underlies these prod-
ucts was developed by National Starch in the late
1970s in response to a perceived need in the book-

binding market. However, these products were not
then commercialized. In response to environmental
concerns, efforts to introduce them into the market
were initiated in 1990, and these adhesives have
been commercialy available since 1991.

In the course of commercializing these products,
National Starch has relied both upon in-house re-
search and development and, particularly with re-
spect to some formulating additives, collaborative
work with its suppliers.

National Starch has invested significant capital
to develop these products. Production of these ad-
hesives will aso involve the production of the com-
ponent polymers; accordingly, production facilities
and equipment for these polymers must be under-
written.

Market Status

The current market is considerably smaller than the
eventua market envisioned by National Starch. In
part this reflects the price differential noted above.
The company is involved in educationa efforts
(technical seminars, journa publication) aimed at
increasing knowledge about these products and their
environmenta utility, as well as customer educa-
tion by its sales force. Reasons underlying custom-
ers  unwillingness to accept the price differentia
on these products are discussed below.

Corporate Environment

National Starch has an explicit, written, corporate
environmental commitment and participates in the
Chemical Manufacturers Association’s “Responsible
Care” program. The company does not participate in
EPA’s voluntary 33/50 Program for reduction of the
emissions of 17 chemicals, because it considers its
releases of these chemicals to be minor.

New product developments a Nationa Starch
generaly involve cooperation across different func-
tional divisions. Staff involved in developing these
adhesives indicate that there are few internal barri-
ers to new ideas, and that the company has an ac-
tive Total Quality Management program with re-
wards for employee initiatives.

The program to introduce repulpable adhesives
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into the market has been supported by upper man-
agement at National Starch, because it is consistent
with the corporation’s environmental commitment,
rather than in response to an existing market de-
mand.

Regulatory Environment

Within Nationa Starch, the major regulatory issues
arise from the decision to produce not only the ad-
hesives but also their polymer constituents. Because
al polymers are synthesized from monomers that
are inherently reactive, appropriate controls are
needed to prevent excessive occupational exposures.
In the new polymer production facilities, Nationa
Starch will need monitors and control equipment
similar to that used in its other polymer production
lines. This differs from the situation for comparable
adhesives where production is not vertically inte-
grated within National Starch.

Because one of the intended uses of these adhe-
sives is in packaging for foods, they are also sub-
ject to regulation by FDA as “indirect food addi-
tives.” This involves evaluation both of the
likelihood that the adhesives (or their chemical con-
gtituents) will migrate out of the packaging and into
the food, and of the potential for such chemicasin
the food to pose a hazard to consumers.

Market Environment

The market for hot-melt adhesives for paper prod-
ucts spans a wide range of customers, from indus-
trial giants manufacturing thousands of products per
day (eg., a cereal manufacturer using cardboard
boxes), down to very smal firms (a manufacturer
of air freshenersin alocal market). Nationa Starch
has severa thousand customers spanning this mar-
ket range. Most are direct customers, while the
smallest are serviced by distributors. In the markets
they serve, National Starch has one major competi-
tor, and six to ten smaller ones.

In genera, this is a mature market, in which con-
tinual minor improvements are made to existing
products and dramatic innovations are rare.

A key factor affecting the market for repulpable
adhesives isthat the customer for the adhesives sold

by Nationa Starch (or its competitors) may itself
have no direct link to paper recycling. While some
firms attempt to collect their paper packaging for
recycling, much of the paper recycling market in-
volves firms that contract with retail outlets to ob-
tain their high-grade paper products, or municipal
programs run in conjunction with other solid-waste
management programs. This dissociation between
the market for paper to be recycled, where
repulpable adhesives are important, and the market
in which paper adhesives are sold, where recycling
does not affect marketability, tends to diminish de-
mand for repulpable adhesives.

The infrastructure for paper recycling is not well
developed. The few casesin which there is “ closed-
loop” recycling represent the best current market
for recyclable paper adhesives. National Starch be-
lieves that as a more generd recycling infrastruc-
ture develops, requirements for feedstocks (used
paper products) are likely to become standardized,
as they are in much of industry. Such industry con-
sensus standards are likdly to stimulate the market
for repulpable adhesives.

A variety of initiatives, such as Germany’s Dual
System packaging program,” or recycled content
regulations on paper products that require the in-
clusion of post-consumer waste, will tend to increase
the linkage between the primary consumer of adhe-
sives for paper and the market for paper recycling.
Because the market for these adhesives is interna-
tional, recycling regulations abroad may drive the
market at least as much as those issued in the United
States.

Barriers to Development of Improved
Products

National Starch has identified two primary barriers
to effective marketing of these improved adhesives.
The first involves the economic disconnection be-
tween producers of paper products who purchase
adhesives and the recycling industry for which non-
repulpable adhesives represent a problem. Because
the customers for adhesives are rarely themselves
involved in recycling, they have little incentive to
pay the increased price for the repul pable adhesive,
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even if the cost of adhesiveisatiny fraction of their
overall costs. This problem may be temporary, as
recycled-content regulations and similar initiatives
place on producers the responsibility for the ulti-
mate fate of paper products.

National Starch also expressed the view that the
regulatory approach employed by FDA for indirect
food additives required new products to undergo a
more stringent review than had been used for prod-
ucts aready in commerce. Moreover, the company
is uncertain what kind of information will be re-
quired to obtain FDA approval.

Life Cycle Consequences

The new adhesives involve polymers and polymer-
ization processes that differ completely from the
adhesives they are designed to replace. National
Starch will produce these new polymers in its own
facilities, rather than purchasing them from outside
suppliers. Because of the different chemistries in-
volved, National Starch will aso be using different
suppliers from those who support its comparable
conventional adhesives (30 percent of suppliers are
new; 70 percent are current suppliers).

The life-cycle questions concerning these im-
proved adhesives have to do with disposition after
their useful life, and that of products that incorpo-
rate them, is over. The design objective is to enable
paper products that are not currently recyclable to
be recycled, and thus diverted from disposal. Ques-
tions remain about the ultimate fate of these prod-

ucts after repeated recycling - e.g., do adhesives
tend eventually to build up to concentrations that
degrade the paper’s quality?

Notes

1. The sensitivity to water involved in the design of such
adhesives is not al-or-none, but rather reflects the
specific conditions used in repulping paper. It is thus
possible to design an adhesive that will disperse un-
der the conditions of the repulping process, but will
not be excessively senditive to water if the condi-
tions of high temperature and high shear forces are
not present.

2. National Starch estimated that the adhesive in a typi-
cal cardboard cereal box, for example, would cost
one-tenth of one cent.

3. National Starch mentioned its participation in CMA’s
“Responsible Care” program, as well as an internal
company initiative to remove toxic chemicals from
its products.

4, 1t is quite common in industrial chemistry that ex-
tremely toxic compounds (monomers) can form poly-
mers that have little or no toxic hazard. Two familiar
examples are polyvinyl chloride (PVC), which is
made from vinyl chloride, a known human carcino-
gen, and polystyrene foam (e.g., Styrofoam), made
from the neurotoxicant styrene.

5. Under German law, firms are responsible for reclaim-
ing the packaging used for their products from con-
sumers. Alternatively, they have the option of par-
ticipating in an organization that collects and markets
recyclable packaging materials, and certifies that a
particular package is covered by the program (indi-
cated by a green dot).
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Swift Adhesives

3100 Woodcreek Drive
P.O. Box 1546
Downers Grove. |IL 60515

The Company

Swift Adhesives manufacturesindustrial and house-
hold adhesives, sealants, and related products at 13
locations in the United States and Canada, as well
as one in Mexico. The company is a subsidiary of
Reichhold Chemicals, Inc., of Research Triangle
Park, North Carolina. Reichhold, in turn, is a sub-
sidiary of the Japanese-based multinational
Dainippon Ink and Chemicals, Incorporated. Swift
Adhesives reported sales of $609 million in 1991.

The Improvement: Solvent-Free
Adhesive for Foam Fabrication

These waterborne, latex-based, high solids adhe-
sives replace conventiond latex adhesives for flex-
ible foam, such asis used in furniture. The new ad-
hesives, caled the 49200 series, which required the
development of new water-soluble resins, do not
employ 1,,1-trichloroethane or similar non-flam-
mable solvents, as do conventional adhesives for
foam. Swift Adhesives is aso testing hot-melt ad-
hesives for complementary uses.

Environmental Advantages

The complete elimination of solvents (1,1,1-
trichloroethane in the case of the specific adhesives
being replaced by Swift Adhesives) eliminates a
number of potential health and environmental prob-
lems and frees both Swift Adhesives and its cus-
tomers from regulatory requirements designed to
address those problems. Swift Adhesives estimates
that the foam fabricating industry releases as much
as 3 million gallons of solvent VOCs per year. While
the conventional adhesive replaced by the new prod-

uct contains approximately 200 grams of Volatile
Organic Compounds (VOCs) per liter of adhesive,
49200 series adhesives contain no VOCSs.

Methyl chloroform (1,1,1-trichloroethane) has
been determined to be one of the chemicals that
contributes to the depletion of stratospheric ozone.
As such, it is subject to taxation at present (which
increases the cost to users of adhesives that contain
it), and will have to be eliminated entirely from use
by 1995. In addition, concerns about its toxicity re-
guire controls to prevent overexposure to workers.

Among the requirements that affect conventional
formulations based on 1,1,1-trichloroethane, but do
not apply to the new water-based adhesive, are emis-
sion control systems; employee monitoring under
reguirements of the Occupational Safety and Health
Administration (OSHA); reporting under Sections
311, 312, and 313 of the Super-fund Amendments
and Reauthorization Act (SARA), as well as com-
parable state reporting requirements; labeling for
ozone depleting substances; and regulation as a haz-
ardous waste under the Resource Conservation and
Recovery Act (RCRA). For the new adhesive, no
hazardous ingredients or SARA Title 1l reportable
substances are listed on the Material Safety Data
Sheat (MSDS). Within Swift Adhesives plants,
there has been a steady decrease in the amount of
hazardous waste generated since the introduction
of the water-based adhesive.

Other Advantages

The change in the environmental characteristics of
the product can result in significant cost savings in
terms of emission controls and waste disposal.
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While solvent-borne adhesives generaly require
that foam-to-foam bonding take place within 20 to
25 minutes of adhesive application, bonding with
this water-based formulation can take place any time
between 20 minutes and one week following adhe-
sive application. However, as noted below, the re-
quirement for a minimum delay of 20 minutes be-
tween adhesive application and foam assembly (vs.
immediate assembly for solvent-based adhesives)
does impose some changes on users.

Because of the high solids content (60 percent
vs. 18 percent for atypical solvent-borne adhesive),
agiven quantity of adhesive will coat asignificantly
greater area of foam. In other respects, performance
is similar to conventional products, with improved
resistance to degradation by high heat or ultraviolet
light.

Disadvantages

The new adhesive, while bonding amost al soft
foams (urethane, ethylene, or natural latex), does
not bond styrene foams well.

Of greater consequence to most users is the need
for minor adjustments to spraying and foam assem-
bly techniques. While the new adhesives can be used
on existing production lines without equipment
changes, procedural changes are required to accom-
modate the dlightly different properties of the
waterborne adhesives; for example, the different res-
ins and higher solids content may require some re-
training of spray equipment operators. Also, greater
force must be applied to form the foam-to-foam
bond.

In addition, the longer evaporation time of wa-
ter, as compared to conventional non-flammable
solvents, calls for some reordering of foam assem-
bly operations. For example, to accommodate the
rapid drying time and short assembly window of
solvent-borne adhesives, typica procedure would
be to spray adhesive on a few pieces, assemble them,
and then spray the next set. With the water-based
adhesives, one would instead spray a larger num-
ber of pieces, prior to switching to assembly. Swift
Adhesives notes that the dlight increase in the mini-
mum time between adhesive application and foam

assembly is offset by the greatly extended time avail-
able for foam assembly after spraying.

Direct Motivating Factors

The development of these adhesives represents the
implementation of Swift Adhesives genera policy
of eliminating solvents from al of its adhesives, as
part of a corporate goal of environmentally friendly
products. Swift Adhesives believes these products
will come to be preferred as customers become in-
formed about the environmental costs associated
with conventional adhesive formulations.

Indirect Motivating Factors

The adhesives market for flexible foam applications
is primarily based on the use of non-flammable sol-
vents, such as 1,1,1-trichloroethane. However, emis-
sions concerns and product safety issues are help-
ing to drive this market towards the use of aqueous
formulations. For example, 1,1,1-trichloroethane is
being taxed and, under EPA regulations, will have
to be eliminated by 1995. Customers will soon need
environmentally improved adhesives, athough de-
mand is not yet strong.

Development Process

The marketing group communicated to the research
and development staff the need for an aternative
adhesive for foam fabrication. The basic specifica
tion was the need to eliminate the solvents that pre-
sented environmental problems, while retaining the
performance characteristics of the solvent-borne ad-
hesive. The development process involved not only
research and development staff, but continuing in-
teraction with marketing and production
personnel, with an advisory role played by the regu-
latory group. This involved extensive inter-depart-
mental cooperation, and the support of upper man-
agement.

While work on the development of these adhe-
sives was primarily internal, some collaborative
work on resin chemistry was done with the suppli-
ers of the new raw materias involved, and with
customers, who evaluated the characteristics of the
new adhesives. Development of these adhesives has
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been substantially independent from other environ-
mental improvement efforts at Reichhold.

The development time was approximately six
months, which is longer than that for most adhe-
sive formulation projects carried out by Swift. The
decision to proceed with commercialization, follow-
ing the development of an appropriate formulation,
was made by the marketing department.

Market Status

Swift Adhesives is still in the process of introduc-
ing these waterborne adhesives into the foam fabri-
cation industry; reaction has thus far been mixed.
While the new adhesives were awarded one of seven
Challenger awards by the International Woodwork-
ing Fair (the first time such an award has been made
to an adhesive company), and customers have ex-
pressed interest in the technology, a number of cus-
tomers have been reluctant to change from solvent-
borne adhesive formulations. The prime reason for
such customer reluctance appears to be the need to
change the timing of foam assembly operations, as
noted above.

Consequently, the time for commercializing these
new adhesives has been significantly extended rela-
tive to that for most formulation changes introduced
by Swift Adhesives, which have generdly been in-
gtituted to satisfy immediate customer demand. The
water-borne adhesive is only sowly beginning to
displace sales of solvent-borne adhesives. Introduc-
ing this product has not yet increased Swift Adhe-
sives market share, but the company believes it will.

Corporate Environment
Swift Adhesives has an explicit corporate policy to
provide environmentally friendly adhesives and an
ongoing program to replace current products that
are not consistent with this policy. Thisincludes the
replacement of solvent-borne adhesives with
waterborne formulations. As part of its overall cor-
porate environmental commitment, it participates
in the Chemical Manufacturers Association’s “Re-
sponsible Care” initiative.

Swift Adhesives parent company, Reichhold
Chemicals, is a participant in EPA’s voluntary

33/50 Program to reduce emissions of 17 toxic or
environmentally harmful chemicals, including
1,1,1-trichloroethane. The decrease in use of 1,1,1-
trichloroethane in Swift's adhesives has helped
Reichhold to meet its 33/50 goals, athough com-
pany officials were not in a position to state the frac-
tion of Reichhold's reductions that was represented
by these efforts on the part of Swift Adhesives.
While Swift Adhesives works closely with the par-
ent company, the new adhesives represent an inde-
pendent development effort by Swift. The informa-
tion gained in the course of developing the 49200
adhesives for foam has helped Swift Adhesives to
diminate 1,1,1-trichloroethane from other adhesives
as well, particularly from packaging adhesives.

Swift Adhesives commitment to environmental
improvement is balanced by an explicit commitment
not to change product formulations without advance
notice to customers. Accordingly, some customers
were involved in this product development, while
the solvent-borne formulation it is intended to re-
placeis still supplied to other customers. In the case
of the new foam adhesives, the corporate policy
favoring environmental improvements supported
the innovation, even though immediate customer
demand was limited.

Swift Adhesives accounting system incorporates
some elements of “full-cost accounting.” For ex-
ample, waste disposal and product waste costs are
accounted to specific products. Other environmen-
ta efforts, however, such as quality and safety bo-
nus programs, are accounted to general administra-
tion. These latter efforts represent one aspect of a
Total Quality Management program at Swift Adhe-
sives. Both the research and development and mar-
keting staffs are continually trained in the need for
involvement in the move to clean products, and the
elimination or reduction of hazardous materials is
always a topic at research and development meet-
ings.

Regulatory Environment

Foam fabricating adhesives generally employ non-
flammable solvents. As noted above, these are sub-
ject to taxation and regulations of increasing strin-

90 . Stirring Up Innovation: Environmental Improvements in Paints and Adhesives



gency, because of their contribution to stratospheric
ozone depletion. In contrast, the waterborne formu-
lation has less of a regulatory burden. Swift Adhe-
sives and its customers will be subject to fewer regu-
latory requirements when the waterborne adhesives
have completely displaced conventiona solvent-
borne equivaents.

Market Environment

Although international in scope, the foam fabricat-
ing market has little interplay with other adhesives
markets. Foam fabricating adhesives are specialty
products, with little or no direct utility in other ap-
plications. There is a wide range of sizes of both
customers (foam fabricators) and adhesives suppli-
ers in this market. In general, the market has been
relatively stable, characterized more by minor func-
tional improvements of existing product lines than
by major innovations.

Barriers to Development of Improved
Products

The only barrier that Swift Adhesives has encoun-
tered in introducing this series of adhesives is cus-
tomer reluctance to change patterns of adhesive use
(principally the timing of adhesive application and
foam assembly). Swift Adhesives is actively work-
ing on increasing customer awareness of environ-
mental and regulatory issues and expresses
confidence that the new adhesives will succeed.
Regulatory congtraints on 1,1,1-trichloroethane will
likely play a major role in encouraging the use of
the new adhesives.

Life-Cycle Consequences

Swift Adhesives has acquired new suppliers for the
new raw materials needed for the waterborne adhe-
sives. To formulate these adhesives, high-speed
batch reactors have been required. However, Swift
Adhesives officias report no discernable changes
in energy requirements. No releases of 1,1,1-trichlo-
roethane will occur from producing this adhesive,
and Swift Adhesives notes that the quantity of haz-
ardous waste produced at its facility has decreased.
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Appendix: Questionnaire

CLEAN PRODUCTS (PAINTS AND ADHESIVES)

Goal of the Clean Products Study

The fundamental goal of the EPA program that supports this study is to facilitate the development
of products that have a reduced potential to cause adverse environmental impacts, while maintain-
ing desirable product characteristics and economics.

In order to achieve thisgoal, EPA, the public, and product manufacturers need to have informa-
tion on those factors that encourage or hinder the development of such “clean” or “environmentally
friendly” products. As an initial focus, 1 NForv is looking at the paints and coatings and the adhe-
sives industries, where there has been considerable emphasis on the development and marketing of
“clean products’ in recent years.

In order to identify the factors that help and hinder the development of “clean products,”
I NFORM IS developing interview-based case studies of companies that have pioneered the devel op-
ment of such products. Within a very limited sample size, we are trying to obtain information on
“clean products’ that incorporate a range of changes, serve a variety of purposes, and reflect sev-
eral different market sectors. We hope that the experiences of firms that have already developed
such products can provide valuable information that will assist additional firms in reducing the
adverse environmental impacts associated with important commercial goods. We seek no confi-
dentid information of any kind and anticipate that participation in this study will help a company in
its efforts to market improved products.

Your firm is one of nine companies that have developed a “clean product” and have agreed to
participate as a case study company for this effort. We thank you for your time and effort and hope
that the interview based on this questionnaire will not prove too onerous. Please note, we are seek-
ing only information that you are willing to divulge publicly. The following pages outline the five
major categories of information we wish to discuss:
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. The nature of the product improvement - key feature(s) and impacts,
. The history of its conception and development,

. Distinguishing features of the product’s market,

. Barriers to developing and marketing the product, and

« Other perspectives.

NATURE OF THE PRODUCT IMPROVEMENT NARRATIVE

Please provide a description of the unique characteristics of the new product, or include copies of
any descriptive materials that you have developed.

CHEMICAL / PERFORMANCE CHANGES

Chemical Composition Changes
What toxic or otherwise hazardous chemical(s)’ were reduced or eliminated from the product?
What role did the chemical(s) play in the original product?
. Solvent
. Resin/Binder
. Colorant
. Additive (e.g., biocide, plasticizer)
. Other
Was another chemical or set of chemicals substituted in the same role? If so, which?
Did the change require the addition of other chemicals to the product? If so, which? What role(s)

do they play?

Production Process Changes

Did the change require any other chemicals to be used in the production process? If so, which?
What role(s) do they play?

Did the product change lead to changes in energy use for the production process? If so, can you
provide a quantitative estimate of the change per unit of production, per year, or as a percent-
age?

Did the change require changes in process equipment or personnel? If so, please describe.

What changes were imposed on your suppliers by this product change?
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Product Performance Changes

Disregarding the improved environmental performance of the new product, is it equivalent to,
better than, or not as good as the product it replaces?
. What specific performance enhancements are embodied in the product?
. What disadvantages, if any, are associated with the product?

ENVIRONMENTAL / REGULATORY IMPACTS
OF THE PRODUCT CHANGE

User/Customer Health and Safety Impacts of the Product Change:
How has the product change affected user/customer health and safety?

. Isexposure to, or release of, toxic or hazardous chemicals during application reduced? If
so, can you provide a quantitative estimate of the change (e.g., milligrams emitted per
sgquare foot of coated area)?

. Isoff-gassing of chemicals reduced? Can you estimate the extent of the reduction?

. Are quantities or toxicity of waste associated with the product reduced? If so, can you
provide an estimate for typical conditions?

. Arerisks from ancillary processes (e.g., stripping off existing coatings) reduced? Please
describe.

Please describe any health/safety improvements not listed above.

Worker Health and Safety Impacts of the Product Change:
How has the product change affected worker health and safety at your plant(s) (e.g., levels, na
ture, and duration of exposure to potentially toxic or hazardous chemicals)? Please describe.

General Environmental Improvement - Reductions of Emissions
Are releases and transfers of the reduced or eliminated chemical(s) required to be reported to the

Toxics Release Inventory?

. If so, what are the reported releases and transfers to each environmental medium (air,
water, land, off-site) for the years before and after the product change? (Please provide
reported quantities and, if possible, changes in pounds of releases and transfers per unit of
production.)

Are releases and transfers of the substituted chemical(s) required to be reported to the Toxics Re-
lease Inventory?
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. If so, what are the reported releases and transfers to each environmental medium of the
substitute chemical(s) for the years before and after the product change? (Please provide
guantities and, if possible, changes in pounds of releases and transfers per unit of
production.)

What other measures are made of production waste stream quantity or composition (e.g., RCRA
hazardous waste generator reports, NPDES wastewater discharge monitoring reports, etc.)?

. How have these changed for the years before and after the product change (please provide
guantities and, if possible, pounds of waste generated per unit of production)?

If your customers are commercial or industrial, do you know whether the product change reduces
emissions of these chemicals from their facilities? If possible, please provide us with esti-
mates of these changes.

Regulatory Impacts of the Product Change:

Do State, Federal, Foreign, or International Controls apply to the new product? If so, which
laws? Please describe the nature of the controls that apply.
. Did these same laws apply to the original product?

Did other laws apply to the original product that do not apply to the new product? If so, which
laws?

Has the product change affected the regulatory environment faced by your customers? If so,
please describe.

ECONOMIC IMPACTS OF THE PRODUCT CHANGE

Competitiveness/Production
Do the changes in environmental risks associated with the new product contribute to its eco-
nomic viability? Please explain.
. Hasthe product change affected the cost of production?
. Has the product change diminished concerns over liability?
. Has the product change decreased waste disposal costs?
Do other performance changes associated with the new product contribute to its economic viabil-
ity? How?
I's the new product more, or less, competitive than the original product? Please explain.
. Interms of direct costs to the user (e.g., labor needs, application frequency, disposal
costs)?
. Interms of indirect costs (e.g., more reflective - allows consumer to spend less on
lighting)?

Appendix « 95




What changes, if any, are imposed on your customers by switching to the new product (e.g.,
changes in application equipment or procedures, etc.)?

Does the change in the product have any effect on transportation costs associated with its use and
distribution? Please describe.

Cost Accounting
In calculating costs associated with a product, what external costs does your firm routinely con-
sider:
. Worker safety / compensation costs
« Potential product liability / toxics torts
. Waste disposal costs
. Lost materials costs
. Other environmental management costs
If so, how are these costs accounted for?
What have these external costs been for the product for the years before and after the change (if
possible, on a dollars per unit of production basis)?

CONCEPTUALIZATION AND DEVELOPMENT OF THE CLEAN PRODUCT

Primary Motivating Factors
Please describe any that apply, adding items that are not included on the following list.

“Cleaner” Product per se
« Aspart of an overal corporate environmental strategy
. To meet customer demand
. To respond to regulations
. To improve worker safety
« To reduce liability concerns
. To improve public relations

Improved performance in other respects
. Please describe (e.g., reduced application labor, enhanced durability).

Source(s) of the Idea for the Product
Please provide a description for each that applies.
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Customer(s)
« Customer request (specific or general)
. Market research (explicit or informal)
. Public attitudes (how determined)

Internal
« R & D aff
. Production staff
. Ongoing product improvement program (e.g., TQM)
« Specific corporate initiative on environmental concerns’

Government
. Regulatory mandate
. Incentive (e.g., tax incentive)
. Technology transfer
. Other voluntary program

The Development Process

Was the process developed independently or in collaboration with other institutions (including
collaboration with customers/suppliers). Please describe.

What was the time required for research and development?

What was the time required for implementation?

How do these times compare to R&D and implementation times for new products in general at
your company (e.g., longer, shorter, or average time)?

Please describe the internal communications paths:
. Who did the originator of the idea communicate it to?
« Who else was informed of the idea?
. Who approved the development; were multiple departments involved, who had final

approva authority?

. What criteria were used to make the final decision?

Policies and Programs Governing Product Changes

What written policies governing product changes were in place prior to the product change?

Have any policies been put in place since the product change? If so, were they a result of this
product change?
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How are employees, at al levels, trained, encouraged, and rewarded for initiating ideas for new
“clean products’ at your company?
. Isthere aformal “employee involvement” program? If so, please describe it in terms of
three possible components:
. “Clean product” education and training.
. Active employee participation in generating ideas for clean products.
. Employee recognition/reward programs.

Other Salient Features of the Development Process. Please Describe.

MARKET FACTORS - COMMERCIALIZATION

Defining the Market for this Product (e.g., Consumer, OEM, Industrial, Government)?
Within the market sector, does this product address the general market or an identified niche mar-
ket?
Please describe the relationships between customers and suppliers in this market, for example:
. A few large suppliers sell to many small customers
. Many small suppliers sell to a few large customers
. A single customer sets specifications for competition
. A mix of sizes among either suppliers or customers
In general, what is the role of innovation and R&D activities in this market?
. Relatively stable market, with little product change (like commodity foods)
. Continual minor enhancements to a basic product line
. Innovation-driven, with rapid product obsolescence (like microprocessors)
I's the market for this new product local, regional, nationwide and/or international? What was it
for the original product?

New and Pre-Existing Markets
Is the original product for which this substitutes still marketed?
. Isthere asignificant difference in performance or price? Please describe, and if possible,
quantify.
. Isthe new product displacing the old, expanding the market, or both?
Has introducing this product had a significant impact on your market share? If so, what is the es-
timated change?
Does the product have potential for use in other market sectors? If so, which?
. What further changes are needed?
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Role of Customer Demand for “Clean Products” in this Market

Do customers have a general interest in this type of product?

Have customers made a specific request for developing this product, or for this type of product?

Has expressed customer reluctance inhibited the development of products like this?

Is the product explicitly marketed as being an environmental improvement through such terms as
“Clean, “(Green,” “Environmentally Friendly,” etc.?

. What was the role (if any) of “eco-1abelling” organizations?

Unusual Aspects of the Commercialization Process for this Product

Has the time to commercialize this product been unusually short or long, relative to normal expe-
rience?

Has your advertising strategy differed significantly for this product? Please consider not only the
green component discussed above, but also any discussion of regulatory relief of perfor-
mance advantages.

Other Key Factors That Affected the Marketing of this Product
Please describe.

BARRIERS THAT HAD TO BE OVERCOME

Internal Reluctance within Your Company
Please provide a description for each of the following categories, or other categories that apply:
. On the part of upper management?
. On the part of marketing?
. On the part of finance?
. On the part of production/engineering?

Problems of Market Penetration?
Have customers been unwilling to accept changed formulation?
. Increased price as a problem
. Customer uncertainty regarding product performance
. Product requires unacceptable changes to a customer’s processes
Have customers expressed criticism/skepticism regarding environmental, health and safety im-
provements?
. Customers view as unnecessary
. Customers do not accept claims of improvement
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Regulatory Obstacles
Have any federa regulations impeded the development or marketing of this product?
. Need for revised air/water discharge permits
. Review of “new” chemicals under TSCA
. Worker safety issues
State Regulations?
. CA/NJ VOC Regulations
. Proposition 65
Regulations in Other Countries?

Other Obstacles You Have Encountered
Please describe.

PERSPECTIVES

On the basis of your experience to date, has this innovation been a success?
What advice would you offer to other firms seeking to develop “ Cleaner Products?’

Notes

1. For the purpose of this study, | NForv USes the terms “toxic” or “hazardous’ to include substances appearing on
lists in several federal and state environmental laws, such as the Clean Air Act (hazardous air emissions), Federal
Water Pollution Control Act (priority pollutants), Resource Conservation and Recovery Act (RCRA) (hazardous
congtituents, hazardous wastes, acute hazardous wastes), Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (hazardous substances), Emergency Planning and Community
Right-to-Know Act (toxic chemicals, extremely hazardous substances), and many others.

We aso include any other of the more than 70,000 chemicals in commercial use that may not be regulated but
may nonetheless be potentially subject to regulation on the basis of toxicity. For example, various chemicals that
are listed as known or probable human carcinogens by the US Department of Health and Human Services or the
International Agency for Research on Cancer are not covered by Toxics Release Inventory reporting
requirements, but would be of interest in this study. Alternately, any chemical that you consider to be toxic or
pose other hazards merits inclusion.

2. If so, are there other product improvements that you would like to describe to us?
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Glossary

Accelerated salt spray test: Salt-spray tests in-
volve the exposure of a material to be evaluated
for corrosion resistance to a continuous fog of
salt dissolved in water. Intended to reproduce the
corrosion that occurs in atmospheres containing
salt spray or splash. ASTM indicates, however,
that the system is better suited to examining the
relative resistance of a specific type of materia
or coating than to evaluating different materials.
In addition to the standard test, copper and ace-
tic acid may be added to accelerate the process
of corrosion.

Acrylic: Refersto afamily of polymers made from
esters of the unsaturated acids: acrylic acid and
methacrylic acid. One example is polymethyl
methacrylate (“plexiglass’).

Adhesion: The state in which two surfaces are held
together by interfacial forces, which may consist
of valence forces or interlocking action, or both.
Enables dry paint to attach to and remain fixed
on the surface.

Algicide: Chemica agent that destroys algae.

Aliphatic: One of the mgjor groups of organic com-
pounds, characterized by straight- or branched-
chain arrangement of the constituent carbon at-
oms. (Compare with Aromatic.)

Alkyd (paint): Denoting a combination of alcohol
and acid, refers primarily to synthetic resins that
came to substitute for natural oils (e.g., linseed
ail) in the 1930s and 1940s.

Alkyltin: Chemica compounds that combine hy-
drocarbon groups with tin, increasing the ten-
dency of the toxic tin to be absorbed by living
organisms. Previously added to paints as anti-
fouling agents.

Amine: A class of organic compounds of nitrogen
that may be considered as derived from ammo-
nia by replacing one or more of the hydrogen
atoms with alkyl groups. The amine is primary,
secondary, or tertiary depending on whether one,
two, or three of the hydrogen atoms are replaced.
All amines are basic in nature and usually com-
bine readily with hydrochloric or other strong
acids to form salts.

Antifouling paint (see Fouling): A coating for-
mulated especialy for use on the hulls and bot-
toms of ships, boats, buoys, pilings, and the like
to protect them from attack by barnacles, ship-
worms, and other marine organisms.

Aromatic: A major group of unsaturated cyclic hy-
drocarbons containing one or more rings. Typi-
fied by benzene, which has a six-carbon ring con-
taining three double bonds. (Compare with
Aliphatic.)

Binder: Film-former in which the pigment particles
are dispersed and which binds the pigment to the
painted surface; the part of a coating that remains
on the surface after drying. Consists of resins
(e.g., ails, akyd, latex). Determines many of the
paint’s performance characteristics, such as wash-
ability, toughness, and color retention.
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Bioaccumulation: A chemical bioaccumulates if
the concentration in organisms increases with in-
creasing trophic levd in the food chain (food
web). Also caled biomagnification. ( A trophic
level is one of the hierarchica strata of food webs
characterized by organisms that are the same
number of steps removed from the primary pro-
ducers.)

Bioconcentration: A chemical bioconcentrates if
concentrations in organisms tend to significantly
exceed concentrations in environmental media
(e.g., concentrations in fish are much higher than
those in the water in which the fish swim).

Blocking: Undesirable cohesion of films or layers
in paint, e.g., sticking that makes windows hard
to open.

Block polymer: A combination long-chain mac-
romolecule comprised of any given polymer and
either another polymer or a non-polymer linking
chemical (coupling group) of relatively low mo-
lecular weight.

Chemical: A substance produced by or used in a
chemica reaction.

Commodity: A chemica used in a wide va
riety of industrial applications and gener-
aly sold in bulk, eg., formaldehyde.

Specialty: A chemical with a limited range
of applications, used and sold in smaller
guantities, e.g., some akyltin compounds
used as plasticizers.

Closed-loop recycling: A system in which wastes
are generated, reclaimed, and reused within a
single industrial process. For example, the use
of paper trimmings to make new paper at the same
plant.

Cohesion: Bonding of a single substance to itsdlf.

Colorant: Materid (usually a combination of pig-
ments, solvents, and additives) that can be added
to paint after manufacture to achieve desired tint.

Universal colorant; Colorant that can be used
in both solvent-based and water-based
paints.

Corrosion: The electrochemical degradation of
metals or aloys due to reaction with their envi-
ronment, which is accelerated by the presence of
acids or bases. Corrosion products often take the
form of metallic oxides.

CPSC (Consumer Product Safety Commission):
An independent regulatory commission that is
charged with (1) maintaining an Injury Informa-
tion Clearinghouse to collect, investigate, ana-
lyze, and disseminate injury data and informa
tion relating to the causes and prevention of death,
injury, and illness associated with consumer prod-
ucts; (2) conducting continuing studies and in-
vestigation of deaths, injuries, diseases, other
health impairment, and economic losses result-
ing from accidents involving consumer products;
(3) assisting in the development of safety stan-
dards addressing the risk of injury; and (4) as-
sisting administratively and technicaly in the
development of product safety standards and test
methods.

Crosdlinking: Attachment of two chains of poly-
mer molecules by bridges composed of another
chemical compound that joins certain carbon at-
oms of the chains by primary chemical bonds.

Curing: The conversion of applied paint or adhe-
sive material, by means of a chemical reaction,
into a continuous solid film with desired charac-
teristics. A wide variety of mechanisms may be
involved in the curing of paints or adhesives, in-
cluding oxidation, polymerization, or photo-
chemically mediated reactions.

Moisture-curing: Curing that occurs as a con-
sequence of absorption of moisture into the
resin.

Dispersible: Ahility of finely divided solid, liquid,
or gaseous particles to distribute in a liquid, solid,
or gaseous medium.
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Dispersion: A two-phase system in which finely
divided particles are distributed throughout a bulk
substance, the particles being the disperse or in-
ternal phase and the bulk substance the continu-
ous or external phase. Under natural conditions,
the distribution is seldom uniform, but under
controlled conditions, uniformity can be in-
creased by the addition of wetting or dispersing
agents (surfactants), such as a fatty acid.

“Drop-in": Substitutable for an existing product
with absolutely no modification of equipment or
procedures. Functionally identical.

Dry fog: A rapidly drying architectura coating that
adheres to a wide variety of surfaces. Used, for
example, to coat ceilings in new construction.

Eco-labeling: The use of environmentally relevant
information in product labels, to identify the en-
vironmental advantages of one's product, rela
tive to those of competitors, or to establish that
the product meets a given standard. Currently,
two alternative approaches are most widely used:
documenting specific clams or documenting
compliance with a standard published by an in-
dependent organization.

Eggshdll finish: A finish with a very dight gloss,
rather than completely flat.

Emulsion: A stable mixture of two or more im-
miscible liquids, often of oil or fat particles in
water, held in suspension by small percentages
of substances caled emulsifiers. These are of two
types. (1) polymers that act by coating the sur-
faces of the dispersed particles, thus preventing
them from coalescing (protective colloids) and
(2) acohols and fatty acids that reduce the sur-
face tension at the interface of the suspended
particles (detergents).

Emulsion paint: See Latex paint.

Enamel paint: Coating that is characterized by its
ability to form a smooth surface. Originally as-
sociated with a high gloss, but may include lower
degrees of gloss, i.e., flat enamels.

Epoxy: A thermosetting resin based on the reac-
tivity of the epoxide group. An epoxide group
consists of the union of an oxygen atom with two
other atoms (usually carbon). Such resins have a
broad spectrum of uses, among the more impor-
tant of which are as strong-bonding adhesives,
effective with metal/ceramic composites, as well
as with wood. Epoxy coatings have high resis-
tance to attack by chemicals, corrosion, weath-
ering, and electricity.

Ethylene (see Polyethylene): A compound con-
siging of two carbon compounds joined by a
double bond, with two hydrogen atoms filling
the remaining two bonds of each carbon atom.
Although flammable, ethylene is essentially non-
toxic.

Feedstock: Raw materials used in a chemica pro-
cess. Gengrdly refers to commodity chemicals
or mixtures rather than specialty chemicals. Also
used to refer to chemical mixtures derived by
thermal or catalytic cracking of petroleum.

FIFRA (Federal |nsecticide, Fungicide, and Ro-
denticide Act): As amended, directs EPA to
regulate the manufacture, distribution, and use
of pesticides and conduct research into their
health and environmental effects.

Film-former: See Binder.

Flammable material: Any solid, liquid, vapor, or
gas that will ignite easily and burn rapidly.

Flash point: The temperature at which a liquid or
volatile solid gives off vapor sufficient to form
an ignitable mixture with the air near the surface
of the material or within the test vessel.

Flash-rust resistance: Flash rust is rust that oc-
curs on metal within minutes after exposure to
moisture, which can adversdly affect the appear-
ance and/or adhesion of water-based coatings
applied to metal.
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Formulator: A manufacturer that combines chemi-
cal compounds into mixtures, rather than react-
ing them to produce new compounds. The manu-
facture of gunpowder, and of most paints,
involves formulating mixtures rather than syn-
thesizing new chemicals.

Fouling (see Antifouling): The undesired growth
of aguatic organisms (e.g., barnacles, zebra mus-
sals) on a surface in contact with water. It is of
greatest consequence where it obstructs the flow
of water or the movement of a surface (such asa
boat hull) through water.

Freezing point depression: Modification of a sub-
stance in such away that it does not freeze at the
temperature at which it normaly would freeze.
For example, if acohol is added to water, the mix-
ture has a lower freezing point than water aone.

Gloss: The degree of coherence with which light is
reflected from a surface. In paints, gloss ranges
from the minima gloss seen with flat paints to
the nearly mirrored finish of clear coat enamels
used on automabiles.

Glycol ether: A compound that combines an aco-
hal (a hydrocarbon in which one hydrogen is re-
placed with a hydroxyl [-OH] group) and an ether
(in which an oxygen atom is interposed between
two carbon atoms).

Green Dot: An industry-run program in Germany,
operated by Duaes System Deutschland, to as-
sure recycling of packaging materials. Produc-
ers of goods may either take back their packag-
ing materials from consumers or participate in
this organization that ensures collection and re-
cycling of packaging materials. Packages that are
gigible to be collected through this recycling
program are marked with a green dot.

Hardener: A chemica that, when added to aresin,
either participates in, or acts as a catalyst for, a
polymerization (“curing”) reaction.

Hazardous. Having the inherent ability to cause
harm, which may or may not result in actual harm.
For example, a chemical may be toxic or explo-
sive (and thus present a hazard), but if no expo-
sure or ignition occurs, there will be no adverse
effect. Although toxicity is a critical potential
hazard, it is not the only hazard posed by the com-
mercia use of chemicals.

Heavy metal: While most metas are, technically
speaking, heavy metals, the term is most com-
monly used to refer to highly toxic metals such
as antimony, arsenic, cadmium, chromium, co-
balt, lead, manganese, mercury, nickel, silver, and
tin.

Hexavalent chromium: Chromium in the envi-
ronment generally exists in one of two vaence
states. The hexavalent (+6) form is far more toxic
than the trivalent (+3) and is carcinogenic.

Hot-melt: A solid, thermoplastic material which
melts upon heating and then sets to a firm bond
on cooling. Hot-melt adhesives offer the possi-
bility of amost instantaneous bonding, making
them well suited to automated operation. In gen-
era, they are low-cost, low-strength products, but
are entirdly adequate for bonding cellulosic ma-
terials (paper and wood).

Inorganic chemical: In general, a chemical that
does not contain the element carbon. (The ex-
ceptions include certain simple carbon-contain-
ing compounds such as oxides [carbon monox-
ide, carbon dioxide], carbonates and bicarbonates
[baking soda, baking powder, and chalk], cya
nides and cyanates, and carbon disulfide.)

Intermediate coat: A layer of paint between that
which isin contact with the painted surface (the
primer and sealer) and that which is in contact
with the external environment (the topcoat).

Isocyanate: A compound containing the isocyan-
ate radical -NCO. Monoisocyanates are in use,
but the term isocyanate usually refers to a
diisocyanate.
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Latex paint (or emulsion paint): A paint com-
posed of two dispersions: (1) dry powders (color-
ants, fillers, extenders) and (2) resin. The two dis-
persions are blended to produce an emulsion
paint. Surfactants and protective colloids are nec-
essary to stabilize the product. In emulsion paints,
the binder is in a water-dispersed form, whereas
in solvent paints, it is in soluble form.

LCA (Life Cycle Analysis or Assessment): An
objective process to evaluate the environmental
burdens associated with a product, process, or
activity by identifying and quantifying energy and
materials used and wastes released to the envi-
ronment, to assess the impact of those uses and
releases on the environment, and to evaluate and
identify opportunities to effect environmental im-
provements. The anaysis includes the entire life
cycle of the product, process, or activity, encom-
passing extraction and processing of raw materi-
als, manufacturing, transportation and distribu-
tion, use/re-use/maintenance, recycling, and final
disposal. (While the term Life Cycle Assessment
has been used interchangeably, Anaysis is nhow
preferred, as embodying fewer assumptions about
the exhaustiveness of the evaluation.)

Leveling: A term used in the paint industry to de-
scribe the application properties of a paint, i.e.,
its ability to cover adry surface easily, fill in sur-
face irregularities, and hold its level without sag-
ging or running.

Machine tinting: The automated addition of a
colorant to a paint to achieve a desired shade.

Mastic coatings. Coatings that are formulated to
cover holes, fill minor cracks, and concea sur-
face irregularities and that are applied in thick-
nesses of at least 10 mils (dry, single coat).

Mature market: A market characterized by arela
tively slow rate of change in demand and supply,
with incremental technical improvements and
expansion of applications, rather than dramatic
economic growth or rapid technological change.

Melamine: A type of amino resin. The first step in
resin formation is the production of trimethylol
melamine, the molecules of which contain a ring
with three carbon and three nitrogen atoms.

Metal drier: A meta such as cobalt or manganese
that catalyzes the uptake of oxygen into a paint
film and the decomposition of peroxide in the
film to free radicals. These chemica reactions
are part of the curing process of some paints, so
the catalysts speed the curing of the paint.

Monomer: A simple compound of low molecular
weight capable of undergoing a chemica reac-
tion in which it bonds with other such molecules
to form very large compounds of very high mo-
lecular weight (polymers). Examples of common
monomers are styrene, ethylene, acrylonitrile,
vinyl chloride, and propylene.

MSDS (Material Safety Data Sheet): Part of the
Hazard Communication Standards (HCS) set up
by the US Occupational Safety and Hedth Ad-
ministration (OSHA) to protect workers from
chemical hazards. An MSDS provides the chemi-
cal composition of the substance being used, its
trade name and name of the manufacturer, known
hazards associated with the substance, and pre-
cautions that workers should take to avoid such
hazards.

Niche market: A market defined by a very narrow
and specialized range of product applications and
generaly by a limited number of suppliers. For
example, biocidal marine paints.

Oil paint: Paints may employ resins derived from
natura oils that polymerize in the presence of
air to form stable films. Linseed oil and tung ail
are typical examples. True oil paints have been
substantially displaced by synthetic or semisyn-
thetic alkyds.

Open-loop recycling: The use of a waste materia
from one process as a raw material in a separate
process. For example, the use of empty milk
bottles to produce plastic “lumber.”
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Organic chemical: A chemica compound contain-
ing carbon, except for certain simple ones. (See
inorganic chemical.)

OSHA (Occupational Safety and Health Admin-
istration): That part of the Department of La
bor charged with the promulgation and enforce-
ment of standards for occupational safety and
hedlth.

Overcoating: Application of a paint over another
paint or other finish, without removal of the old
finish.

Ozone: An unstable, highly reactive molecule con-
sigting of three oxygen atoms. Ozone is very ir-
ritating to the respiratory system. In the strato-
sphere, ozone serves to absorb much ultraviolet
radiation.

Ozone precursor: A chemical, such as one
of the VOC:s, that reacts under atmospheric
conditions so as to yield ozone.

Paint market sectors. The market for paints can
be classified in a variety of ways. Frequently used
major categories include (1) architectural paints,
(2) OEM Jorigina equipment manufacturer] coat-
ings, (3) industrial maintenance coatings, and (4)
specialty coatings.

Architectural: Interior and exterior building
paints of various types, as well as paints
for furniture and home repairs.

OEM (original equipment manufacturer):
Includes products such as household appli-
ances and automobiles, as wel as many
smaller, more specialized uses.

Specialty: Used for marking traffic lanes on
roadways, refinishing automobiles or other
equipment, and protecting steel structures
such as highway bridges, among other uses.

Trade sales - consumer: direct saes to
homeowner (final consumer).

PEL (Permissible Exposure Level): Levd of con-
tamination that should not be exceeded in work-
place air, legaly enforceable by OSHA.

Photochemical: Concerning chemical reactions
that are influenced by light.

Pigment: Any substance, usualy in the form of a
dry powder, that imparts color to another sub-
stance or mixture. A pigment, in contrast to a dye,
does not react chemically with the substance to
which it imparts color.

Active pigment: One that has additional prop-
erties, such as corrosion inhibitors.

PMN (Premanufacture Notification) (see TSCA):
TSCA requires manufacturers to notify EPA in
advance of the intended introduction into com-
merce of a new chemical, through PMNs. (Simi-
lar notice is required for the intended manufac-
ture or processing of any chemical for a
significant new use)) If EPA determines that the
chemica may present an unreasonable risk, it
may prohibit or limit the use of the chemical in
commerce until data are developed to permit a
further evaluation of the chemica’s effects. If
EPA decides that a substance “presents or will
present” an unreasonable risk, it may restrict or
prohibit the production, use, or disposa of the
substance. PMNs are not required for the pro-
duction of small quantities of chemicals for re-
search and development or test marketing.

Point-of-sale tinting: In retail paint saes, the ad-
dition of colorants at the paint store to yield a
desired shade. Most retail paint sales employ this
approach to generate awide range of colors from
afew basic paint shades.

Polymer: Compounds of very high molecular
weight made up of alarge number of simple mol-
ecules (monomers) that have been caused to com-
bine with each other through chemical reaction.
Polymers can be naturally occurring, such as rub-
ber, cellulose, starch, and proteins, or synthetic,
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such as polystyrene, nylon, polyethylene, and
polypropylene.

Polyethylene: A polymer formed by induc-
ing crosdlinking into ethylene either by ra-
diation or by chemical crossinking agents.

Polystyrene: Polymerization of styrene by
free radicals with peroxide initiator.

Polyurethane (polyisocyanate): A thermo-
plastic polymer produced by the condensa-
tion reaction of a polyisocyanate and a hy-
droxyl-containing material.

Polymerization: The process of inducing
crossinking between monomer molecules, so0
that polymers are formed.

Polyol: A polyhydric acohal, i.e., one containing
three or more hydroxyl groups.

Primer: A type of undercoat that, when applied to
filled or unfilled surfaces, promotes adhesion,
prevents absorption of later coats by porous sur-
faces, and gives corrosion resistance over met-
as.

Spot primer: A primer that is compatible with
an existing paint finish, such that it can be
applied to small areas in which deteriorated
portions of the original finish have been
removed, without complete remova of the
old finish.

RCRA (Resource Conservation and Recovery
Act): Federa “cradle-to-grave’ regulations re-
garding hazardous and nonhazardous (garbage)
solid waste.

Repulpable: Describing paper or paperboard that
can be reduced to a paper pulp that is suitable for
production of new paper.

Resin: Liquid or semi-liquid monomer or semi-
polymerized formulation that forms the basis of
paint binders. Curing or drying of paint reflects
the completion of the polymerization reaction.

“Responsible Care”: Embodies the chemical
industry’s comprehensive commitment to respon-
sible management of chemicals. Implementation
of Responsible Care is an obligation of member-
ship in the Chemical Manufacturers Association
(CMA) and represents the commitment of the
chemical industry to improving performance in
six broad areas that cover virtualy all of the
industry’s operations. Responsible Care has two
objectives: (1) to improve performance and fur-
ther ensure that industry operations do not ad-
versaly affect the health and safety of the public,
of workers, and of the environment; and (2) to
listen and respond to the public.

SARA (Superfund Amendments and Reautho-
rization Act): A 1986 federa law amending the
original “Superfund” law. Title Il of this law is
caled the Emergency Planning and Community
Right-to-Know Act (EPCRA). Section 313 of
EPCRA contains the Toxics Release Inventory
reguirements.

Smog: A coined word denoting a persistent com-
bination of smoke and fog occurring under ap-
propriate meteorological conditions in large met-
ropolitan or heavy industrial areas. The
discomfort and danger of smog are increased by
the action of sunlight on the combustion prod-
ucts in the air, especially sulfur dioxide, nitric
oxide, and exhaust gases (photochemical smog).
Strongly irritant and even toxic substances may
be present. Fatalities have resulted from expo-
sure to particularly severe photochemical smogs.

Solids. Any part of a paint or adhesive other than
solvents.

Solvent: A substance, usualy in liquid form, that
serves as a medium in which other substances
(solids, liquids, or gases) may be dissolved, but
does not react with those substances. The ability
of solvents to dissolve other substances alows
them to be used for cleaning purposes, as the
major component of products such as paints and
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adhesives, or as the medium in which dissolved
chemicals may react with each other.

Stratosphere: The upper atmosphere, extending
to a height of 50 kilometers (30 miles) above the
earth’s surface.

Styrene: Also called vinyl benzene or
phenylethylene. A compound composed of a ben-
zene ring with an ethylene molecule substituting
for one of the hydrogens.

Teratogen: An agent that causes growth abnormali-
ties in embryos; ionizing radiation can have this
effect.

Thermoplastic: A polymer that softens when ex-
posed to heat and returns to its original condi-
tion when cooled.

Thermosetting: A polymer that solidifies or “sets”
irreversibly when heated. This property is usu-
ally associated with a crosslinking reaction of the
molecular congtituents. One example is the bak-
ing of doughs.

Topcoat: The final film of coating applied in a mul-
tiple coat operation. May serve to impart desired
appearance and/or to protect undercoatings from
environmental deterioration.

Toxic: Poisonous. Causing an adverse effect by a
specific chemical reaction with a biological mol-
ecule. Distinguished from other types of hazards
by the specificity of the interaction between the
chemica and the biological target. In contrast, a
highly reactive chemica might damage biologi-
cal material by a non-specific interaction (e.g., a
chemical bum); this would not be considered to
be a toxic effect.

TOM (Total Quality Management): A concept
of business management, with the core principles
of zero defects, statistical methods to measure
success, and empowerment of workers to make
improvements.

Triazine: Any of three isomeric compounds,
C;H3N;, each having three carbon and three ni-
trogen atoms in a six-membered ring.

Troposphere: The atmosphere from the ground's
surface to a height of 6 - 10 kilometers (3-6 miles).

TSCA (Toxic Substances Control Act): Federd
law enacted in 1976 that authorizes EPA to regu-
|ate the manufacture, distribution, and use of
chemical substances.

Urethane (see also Polyurethane): Also called
ethyl carbamate, ethyl urethane. A resin, whose
structural formula is CO(NH,)OC,Hs. True ure-
thane coatings have two components that cure
when an isocyanate (the catalyst) initiates the
chemical reaction that unites them.

Vapor pressure; The pressure characteristic at any
given temperature of avapor in equilibrium with
its liquid or solid form.

Viscosity: The interna resistance to flow exhib-
ited by afluid.

VOC (Volatile Organic Compound): In strict us-
age, any chemical that both contains carbon (or-
ganic compounds) and has a measurable vapor
pressure. For regulatory purposes, definitions
have been narrowed to exclude chemicals that
have not been identified as contributing to smog
formation or stratospheric ozone depletion. (Con-
tact 1 nForv for regulatory definitions of VOCs
from avariety of sources). In practice, VOC con-
centrations in paints and adhesives (and other
products) are generally determined by measur-
ing the total content of volatile materials and then
correcting for the presence of water (which is
volatile, but not organic).
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Waste: The unavoidable and undesirable chemica Water-dispersible: Chemical substance or mix-

byproducts of a process, resulting from process ture that can be effectively dispersed in water,
inefficiencies and discarded products containing although it is not soluble in water.
chemicals. )

Water-soluble coatings: Coatings where the binder

Hazardous:. Under federal environmental is dissolved in water. Upon evaporation of the
law, refers specifically to hazardous dis- water, the binder will remain water-sensitive un-
charges disposed of as solid waste (not air less converted to an insoluble form by some
pollutants) that are regulated under the fed- means such as polymerization. This can be ac-
era Resource Conservation and Recovery complished by incorporating a drying ail in the
Act (RCRA). molecule or crosdinking by baking.

Solid: Any garbage, refuse, or sudge from a Waterborne paints: Latex paints and paints con-
waste treatment plant, water supply treat- taining water-soluble binders or binders in an
ment plant, or air pollution control facility aqueous dispersion. For paints and adhesives,
and other discarded material, including used to note the contrast from systems that de-
solid, liquid, semisolid, or contained gas- pend on organic solvents.

eous material resulting from industrial,
commercial, mining, and agricultural op-
erations, and from community activities.
Does not include solid or dissolved mate-
rial in domestic sewage or solid or dissolved
materials in irrigation return flows or di-
rect industrial discharges to air or water.
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Abbreviations and Acronyms

33/50 EPA’s program for voluntary
industry reductions of emissions of
17 chemicals by 50 percent by 1995
ACGIH American Conference of
Governmenta Industrial Hygienists
AFM American Formulating
Manufacturers
ASTM American Society for Testing and
Materials
BAAQMD Bay Area Air Quaity Management
District
CAA Clean Air Act
CAS Chemica Abstracts Service
CERCLA Comprehensive Environmental
Response, Compensation, and
Liability Act (also known as
Superfund)
CFC Chlorofluorocarbon
CMA Chemica Manufacturers
Association
CONEG Council of Northeast Governors
CPSC Consumer Product Safety
Commission
EPCRA Emergency Planning and
Community Right-to-Know Act
FC Fluorocarbon
FDA Food and Drug Administration
FFDCA Federa Food, Drug, and Cosmetic
Act
FIFRA Federa Insecticide, Fungicide, and
Rodenticide Act

GRAS Generadly regarded as safe
HCFC Hydrochlorofluorocarbon
HFC Hydrofluorocarbon
LBPPPA Lead-Based Paint Poisoning
Prevention Act
LCA Life Cycle Analysis
MSDS Materia Safety Data Sheet
NAAQS National Ambient Air Quality
Standards
OEM Origina Equipment Manufacturer
OSHA Occupational Safety and Health
Administration
PEL Permissible Exposure Level
PFC Perfluorocarbon
PMN Premanufacture Notification
RCRA Resource Conservation and
Recovery Act
SARA Superfund Amendments and
Reauthorization Act
SIP State Implementation Plan
TOM Total Quality Management
TRI Toxics Release Inventory
TSCA Toxic Substances Control Act
USCAR United States Council for
Automotive Research
USEPA US Environmental Protection
Agency
UV Ultraviolet
VOC Volatile Organic Compound
WRAM Waste Reduction and Management
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Sales Information

Payment
Payment, including shipping and handling charges,
must be made in US funds drawn on a US bank and
must accompany al orders. Please make checks pay-
able to 1 nForv and mail to:

I NFORM | nC.

120 Wall Street

New York, NY 10005-4001

Please include a street address; UPS cannot deliver
to a box number:

Shipping Fees
United States: add $3 for first book + $1 for
each additional book. (4th class
delivery; alow 4-6 weeks)

add $5 for first book + $3 each
additional book.

add $8 for first book +$4 each
additional book.

add $20 for first book + $10 each

additional book.

Canada:
Foreign/surface:
Foreign/airmail:
Outside the US allow additional shipping time.
Priority shipping is higher; please call for charges.

Discount Policy

Booksdlers: 20% on I-4 copies of same
title; 30% on 5 or more copies
of same title

Genera bulk: 20% on 5 or more copies of

same title

Public interest and community groups
providing tax-exempt certificate:

Price:
Books under $10: No discount
Books $10-$25: $10
Books $25 and up: $15
Government, upon request:
Books $45 and under: No discount
Books over $45: $45

Returns

Booksdllers may return books, in saleable condi-
tion, for full credit or cash refund up to 6 months
from date of invoice. Books must be returned pre-
paid and include a copy of the invoice or packing
list showing invoice number, date, list price, and
origina discount.

Membership

Individuals provide an important source of support
to 1nForv and receive the following benefits.
Member ($25): A one-year subscription to
INFORM Reports, 1NForM s quarterly newsletter.
Friend ($50): A one-year subscription to | NFORM
Reports and advance notice of new publications.
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10% discount on new 1 NForv Studies.

Supporter ($250): Friend’s benefits, plus a 20%
discount on new 1 nForv studies.

Donor ($500): Friend's benefits, plus a 30%
discount on new I NnForv studies.

Associate ($1000): Friend's benefits, plus a
complimentary copy of new 1 NForv studies.

Benefactor ($5000): Friend’s benefits, plus a
complimentary copy of new 1 NForv studies.

All contributions are tax-deductible.
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