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Going forward, the chemical industry is faced with a major conundrum—the
need to be sustainable (balanced economically, environmentally, and socially in
order to not undermine the natural systems on which it depends)—and a lack of
a more coordinated effort to generate the science and technology to make it all
possible.

Committee on Grand Challenges for Sustainability in the Chemical Industry
The National Academy of Sciences
December 2005’

For 25 years, the Golden State has led the nation in programs to save energy;
these, in turn, reduce the greenhouse-gas emissions that contribute to global
warming. California now uses half as much energy per capita as the nation as a
whole, saving the average household $1,000 each year, with total savings now
more than $56 billion.

Hal Harvey

Director of Environment Programs
The Hewlett Foundation

February 2006






Executive Summary

By 2050, California’s population is expected to grow by about 50%, from 36 to 55 million
residents. This expansion will be accompanied by a growing set of social, economic, and
environmental problems whose magnitude will be determined in large part by the policy
decisions California makes now and in coming years. In charting a course to a sustainable
future, policymakers will need to guide industrial development in such a way that it fully
integrates matters of environmental quality and human health. In practice, if California is to
create a future characterized by improving social, environmental, and economic conditions,
industrial development will need to solve, not exacerbate, the public and environmental health
problems facing the state today. To move California in this direction, policymakers need the
support of research that links the science of public and environmental health to innovative policy
solutions. This report serves that purpose in the area of chemicals policy.

The report makes the case that a modern, comprehensive chemicals policy is essential to placing
California on the path to a sustainable future. Problems associated with chemicals are already
affecting public and environmental health, business, industry, and government in California. On
the current trajectory, the coming years will see these problems broaden and deepen. Correcting
these problems will require much more than isolated chemical bans and other piecemeal
approaches that currently characterize the Legislature’s efforts in this arena. Rather, a
comprehensive approach is needed that corrects long-standing federal chemicals policy
weaknesses and builds the foundation for new productive capacity in green chemistry—the
design, manufacture, and use of chemicals that are safer for biological and ecological systems.
This approach to chemicals policy will link economic development in California with improved
health and environmental quality, but it will require a long-term commitment to leadership on the
part of California policymakers.

We describe initiatives by leading California businesses and the European Union (E.U.) that are
already driving interest by industry in cleaner technologies, including green chemistry. Given
California’s unparalleled capacity for innovation and its scientific, technical, and financial
resources, a proactive response to these developments in the form of a modern, comprehensive
chemicals policy could position California to become a global leader in green chemistry
innovation. The report illustrates that to do so, California will need to adopt a chemicals policy
that greatly improves chemical information, regulatory oversight, and support for green
chemistry research, development, technical assistance, and education.

Methods

We used four research methods in preparing this report: a literature review, interviews with key
informants, participation in chemicals policy meetings, and peer review. Over a two-year period,
the primary author held discussions with chemicals policy experts affiliated with academic
institutions, scientific bodies, governmental agencies, chemical producers, downstream users of
chemicals, entities within the European Union, small and medium-sized enterprises,
environmental organizations, and labor organizations. In addition, between April 2003 and
February 2006, the primary author participated in 35 meetings and conferences pertaining



expressly or in part to chemicals policy matters; he presented the report’s key concepts at 17 of
these meetings. The report reflects feedback produced throughout this process.

Major Findings

The scale of chemical production is immense and will continue to expand
globally.

Every day, the U.S. produces or imports 42 billion pounds of chemicals, 90% of which are
created using oil, a non-renewable feedstock. Converted to gallons of water, this volume is the
equivalent of 623,000 gasoline tanker trucks (each carrying 8,000 gallons), which would reach
from San Francisco to Washington, D.C., and back if placed end-to-end. In the course of a year,
this line would circle the earth 86 times at the equator. These chemicals are put to use in
innumerable processes and products, and at some point in their life cycle many of them come in
contact with people—in the workplace, in homes, and through air, water, food, and waste
streams. Eventually, in one form or another, nearly all of them enter the earth’s finite
ecosystems.

Global chemical production is expected to double every 25 years for the foreseeable future.
Between now and 2033, the U.S. EPA expects 600 new hazardous waste sites to appear each
month in the U.S. and require cleanup, adding to 77,000 current sites. Efforts at site mitigation
are expected to cost about $250 billion. Given the scale, pace, and burden of chemical
production, the toxicity and ecotoxicity of chemicals are of great public importance.

Many chemicals that are useful to society are also hazardous to human biology
and ecological processes.

There is growing scientific concern over the biological implications of chemical exposures that
occur over the human lifespan, particularly during the biologically sensitive period of fetal and
child development. Hundreds of chemicals that are released into the environment are
accumulating in human tissues; the U.S. EPA found just under 700 such chemicals in a
nationwide survey of Americans in 1987. Many of these chemicals enter the developing organ
systems of fetuses and infants through the maternal bloodstream and through breast milk.
Animal studies indicate that some can interact with and disrupt the development of these
systems, such as the endocrine system, at very low doses. Among children, chemical exposures
are estimated to contribute to 100% of lead poisoning cases, 10% to 35% of asthma cases, 2% to
10% of certain cancers, and 5% to 20% of neurobehavioral disorders.

Occupational disease continues to exact a tremendous toll in California. Each month, an
estimated 1,900 Californians are diagnosed with a preventable, deadly chronic disease that is
attributable to chemical exposures in the workplace; another 540 Californians die as a result of a
chronic disease linked to chemical exposures in the workplace. The U.S. Occupational Safety
and Health Administration (OSHA) has adopted workplace exposure limits for only 193, or
about 7%, of the 2,943 chemicals produced or imported in the U.S. at more than one million
pounds per year. Immigrants, minorities, and lower-income groups—as workers and as
residents—are at particular risk of exposure to hazardous chemicals.



There are extensive deficiencies in the federal regulation of chemicals.

Of all federal environmental statutes, the Toxic Substances Control Act of 1976 (TSCA) is the
only law that is intended to enable regulation of chemicals both before and after they enter
commerce. However, studies conducted by the National Academy of Sciences (1984), the U.S.
General Accounting Office (1994), the Congressional Office of Technology Assessment (1995),
Environmental Defense (1997), the U.S. EPA (1998), former EPA officials (2002), and the U.S.
Government Accountability Office (2005) have all concluded that TSCA has not served as an
effective vehicle for the public, industry, or government to assess the hazards of chemicals in
commerce or control those of greatest concern.

e The TSCA inventory lists 81,600 chemicals that are registered for commerce in the U.S.,
8,282 of which are produced or imported at 10,000 pounds or more per year.

e TSCA does not require chemical producers to generate and disclose information on the
health and environmental safety of these chemicals—or on the approximately 2,000 new
chemicals that enter the market each year. The result is that there is an enormous lack of
information on the toxicity and ecotoxicity of chemicals in commercial circulation.

e TSCA places legal and procedural burdens on the EPA that have constrained the
agency’s capacity to act. Since 1979, the EPA has used its formal rule-making authority
to restrict only five chemicals or chemical classes, though the agency reported in 1994
that about 16,000 chemicals in the U.S. were of some concern on account of their
structure and volume in commerce.

e TSCA has not provided a vehicle for channeling federal support to research in cleaner
chemical technologies, including green chemistry.

Voluntary initiatives on the part of the chemical industry to correct some of these weaknesses are
positive but do not make up for TSCA’s structural weaknesses. Other federal laws that pertain to
chemicals are essentially “end-of-pipe” statutes that do not allow for review of chemicals prior to
their introduction into commerce. Together, five major federal statutes apply to only 1,134
chemicals and pollutants. The weaknesses of TSCA and the other federal statutes have produced
three fundamental problems in the U.S., which we refer to as the chemical Data Gap, Safety Gap,
and Technology Gap.

TSCA'’s weaknesses are adversely affecting California.

The chemical Data Gap, Safety Gap, and Technology Gap have created a broad set of problems
for public and environmental health, industry, business, and government in California.

The Data Gap: Without comprehensive and standardized information on the toxicity and
ecotoxicity for most chemicals, it is very difficult even for large firms to identify hazardous
chemicals in their supply chains. Along with consumers, workers, and small-business owners,
they do not have the right kinds of information to identify safer chemical products. The lack of
chemical information weakens the deterrent function of the product liability and workers’
compensation systems.



The Safety Gap: Government agencies do not have the information they need to systematically
identify and prioritize chemical hazards, nor the legal tools to efficiently mitigate known
hazards.

The Technology Gap: The lack of both market and regulatory drivers has dampened
motivation on the part of U.S. chemical producers and entrepreneurs to invest in new green
chemistry technologies. There has been virtually no government investment in green chemistry
research and development.

Meanwhile, evidence of public and environmental health problems related to chemicals
continues to accumulate. Each year the California Legislature faces numerous bills related to
public concerns over chemicals; on the current trajectory, the number of such bills is likely to
grow. Correcting the chemical Data, Safety, and Technology Gaps engendered by TSCA will
require a modern, comprehensive approach to chemicals policy in California.

Developments in the European Union and among leading California businesses
are driving interest in cleaner technologies, including green chemistry.

Facing a similar set of problems, the European Union is implementing sweeping new chemicals
and materials policies that are driving global changes in ways that will favor cleaner
technologies, including green chemistry.

e The E.U. Restriction of Hazardous Substances in Electrical and Electronic Equipment
(RoHS) directive will prohibit the use of lead, cadmium, mercury, certain flame-retardant
chemicals, and other toxic materials in electronic and electrical equipment sold in the
E.U.

e The Waste Electrical and Electronic Equipment (WEEE) directive requires electronics
producers to “take-back” their products at the end of their useful life.

e The proposed Registration, Evaluation and Authorization of Chemicals (REACH)
initiative will require chemical producers to register most chemicals that are widely used
and will place restrictions on the use of about 1,400 chemicals of very high concern.

It is becoming clear that cleaner technologies will play an increasingly important role in
industrial activity globally—among both developed and developing nations. The E.U.
government’s policies to motivate investment in cleaner technologies, though difficult for some
E.U. producers in the short term, are expected to lead to a long-term E.U. competitive advantage
in this arena.

Lacking similar government leadership in the U.S., a number of large U.S. businesses have been
working independently to implement strategies for identifying hazardous chemicals in their
supply chains and removing those chemicals from their operations. California businesses at the
forefront of this effort include Kaiser Permanente, Catholic Healthcare West, Intel, Hewlett-
Packard, IBM, Bentley Prince Street, and Apple. These developments signal a growing demand
among U.S. businesses for safer chemicals and better chemical information; these efforts,



however, are constrained by the Data, Safety, and Technology Gaps. Effective leadership in
chemicals policy to close these Gaps is now called for in the U.S.

California needs a modern, comprehensive chemicals policy to address pressing
public and environmental health problems and to position itself as a global leader
in green chemistry innovation.

These developments have opened an opportunity for California to position itself as a leader in
green chemistry science and technology. To do so, California will need to correct the Data,
Safety, and Technology Gaps, which have given rise to conditions in the U.S. chemicals market
that favor existing chemicals and discourage investment by chemical producers in new green
chemistry technologies. Large “sunk” investments by industry in existing chemical technologies
will make it difficult to transition to an industrial system based on cleaner technology, including
green chemistry; this transition, however, will have to be made if California is to respond
proactively to developments in the E.U. and address a host of chemical problems affecting public
and environmental health, business, industry, and government in the state.

We propose three chemicals policy goals that will move California in this direction:

Close the Data Gap: Ensure that chemical producers generate, distribute, and communicate
information on chemical toxicity, ecotoxicity, uses, and other key data.

Close the Safety Gap: Strengthen government tools for identifying, prioritizing, and mitigating
chemical hazards.

Close the Technology Gap: Support research, development, technical assistance,
entrepreneurial activity, and education in green chemistry science and technology.

Because many policy mechanisms could be employed to reach these goals, we recommend that
as a first step the Legislature establish a chemicals policy task force to explore various
mechanisms and develop a legislative proposal for a comprehensive policy based on the findings
of this report. We recommend that the task force be charged with developing the proposal for
the 2007 legislative session.






1. Background

1.1 Methodology

We used four research methods in preparing this report: a literature review, interviews with key
informants, participation in chemicals policy meetings, and peer review. Over a two-year period,
the primary author held discussions with chemicals policy experts affiliated with academic
institutions, scientific bodies, governmental agencies, chemical producers, downstream users of
chemicals, entities within the European Union, small and medium-sized enterprises,
environmental organizations, and labor organizations. In addition, between April 2003 and
February 2006, the primary author participated in 35 meetings and conferences pertaining
expressly or in part to chemicals policy matters (listed in Appendix A) and presented the report’s
key concepts at 17 of these meetings. The report reflects feedback produced throughout this
process.

1.2 Scope

For purposes of this report, chemicals refers to organic (carbon-based) chemicals, metals, and
inorganic chemicals created by humans through chemical processes. The report pertains to
chemicals at all points in their life cycle, including (1) feedstock supply chains leading to
chemical processing facilities, (2) research, development, design, and manufacture of chemicals
and chemical products, and (3) distribution, use, disposal, and recycling of chemicals and
chemical products.” Chemical industry refers to the business and industrial entities involved in
the design, production, and distribution of chemicals and chemical products.

The report pertains to chemicals in three market classifications: consumer products, basic
chemicals, and specialty chemicals (Figure 1).* ¢ The report does not address pesticides,
pharmaceuticals, cosmetics, or food products.

1.3 Report Overview

For purposes of this report, public policy is defined as a plan of action to guide decision-making
that is based on an agreed-upon set of goals. Goals, in turn, are determined by the ways in which
problems are defined. A large portion of the report is therefore dedicated to an analysis of
chemical problems in the U.S. and California. Following an introduction (Section 2), the report
describes the federal regulatory origins of the Data, Safety, and Technology Gaps (Section 3) and
the problems these gaps have created for public and environmental health, business, industry,
and government in California (Section 4). The report then describes chemicals policy

A Of the 81,600 chemical substances listed in the inventory of the federal Toxic Substances Control Act (TSCA),
34,000 are discrete chemicals having a definite structure (Class I Substances); 20,000 are complex reaction products,
biological materials, and chemical substances having indefinite structures (Class II Substances); and 27,600 are
polymers.* There are 8,282 chemicals in commercial circulation in the U.S. that are produced or imported at 10,000
pounds or more per year, according to data from TSCA’s 2002 Inventory Update Rule (IUR).” Of these, over 99%
are produced or imported at one million pounds or more per year; these are known as High Production Volume
(HPV) chemicals. There are 2,943 HPV chemicals in the U.S. A total of 15.2 trillion pounds of chemicals was
produced or imported in the U.S. in 2001, or about 42 billion pounds per day.



Figure 1. The chemical industry’s four primary sectors as classified by the American Chemistry
Council.
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developments occurring in the European Union and efforts by U.S. businesses and non-
governmental organizations to “clean” industrial supply chains of hazardous chemicals (Section
5). The report proposes that these developments present a unique opportunity for California to
consider a new approach to chemicals policy that addresses public and environmental health
problems, supports entrepreneurial activity in green chemistry, and responds proactively to
developments in the E.U. The report describes a case study of a reasonably successful, if
limited, chemicals policy implemented in Massachusetts in 1989 and discusses its relevance to
California (Section 6). The report recommends three overarching goals for a modern,
comprehensive chemicals policy in California and explores a number of issues related to each
goal (Section 7). The report concludes that a chemicals policy based on these goals is timely and
necessary in California, given the state’s expanding population, its health and environmental
problems, and the pressures of an increasingly competitive global economy (Section 8).

The report is not intended to be an exhaustive study of chemicals policy. It does not present
cost-benefit analyses of differing policy approaches, nor does it compare health and
environmental risks associated with chemicals against other risks. The development of the report
included a cost-benefit analysis of a California chemical reporting system, an analysis of
voluntary initiatives by industry, and an analysis of 10 federal and state chemicals policies, but
for brevity only the key points of these analyses are summarized in the report.

1.4 Definition of Terms

Adverse health effects: The continuum of health and disease, from early indicators of
biochemical disruption (resulting from chemical exposure) to the presence of overt health
damage. The definition reflects the fact that health and disease are manifested in degrees, not
simply as “either/or.”

Bioaccumulative and persistent chemicals: Chemicals that, by virtue of their structure are very
slowly metabolized or excreted and therefore increase in concentration in the tissues and fluids
of organisms.” Some bioaccumulative chemicals are known to exert toxic effects; for most,
toxicity is unknown. The exposure pathways for most bioaccumulative chemicals are also
unknown. Many bioaccumulative chemicals are resistant to natural degradation processes, such
as those induced by sunlight and bacterial activity, and therefore tend to persist in the
environment. Some persistent chemicals can remain in the atmosphere for decades or centuries
(Table A).* Chemicals that are bioaccumulative, persistent, and toxic are particularly
problematic because they can give rise to toxic effects over a greater period of time and over
larger geographic regions.

Biobased material: Chemical products composed wholly, or in significant part, of renewable
agricultural, forestry or waste materials.” Corn, soybeans, vegetable oils, and wood are currently
the main sources used in creating biobased materials (Table B)." Some biobased products are
processed with other materials, including petrochemicals, to manufacture the final product, while
others are derived entirely from plant feedstock. Biobased processes utilize enzymatic and other
biological mechanisms to generate chemical reactions. A sizeable industry in biobased industrial
materials emerged in the U.S. in the 1930s and 1940s."



Table A. Persistence in the atmosphere of some chlorinated organic molecules.*

Atmospheric
Chemical half-life (yrs)
Tetrachloroethylene 0.3
Dichloromethane 0.4
Dichloroethane 0.4
Chloroform 0.4
Chloromethane 1.0
Dichlorotrifluoroethane (HCFC-22) 1.2
Dichloropentafluoropropane (HCFC-115ca) 1.9
Trichloroethane 33
Chlorotetrafluoroethane (HCFC-124) 4.8
Dichloropentafluoropropane (HCFC-225-cb) 5.5
Dichlorofluoroethane (HCFC-141b) 6.2
Dichlorofluoromethane (HCFC-22) 8.3
Bromochlorodifluoromethane 11.1
Chlorodifluoroethane (HCFC-142b) 13.2
Carbon tetrachloride 24.3
Trichlorofluoromethane 31.2
Trichlorotrifluoroethane 58.9
Dichlorodifluoromethane 69.3
Dichlorotetrafluoroethane 152.5
Chloropentafluoroethane 381.2

* The atmospheric half-life is the time required for a substance
to degrade to 37% of its original concentration.

Table B. Common nonfood biobased commercial and consumer products, 2003.

Source Chemical products

Corn Solvents, pharmaceuticals, adhesives, starch, resins,
binders, polymers, cleaners, ethanol

Soybeans Paints, toiletries, solvents, inks, pharmaceuticals,
lubricants, biodiesel fuel, carpet backing, foam
insulation.

Vegetable Surfactants in soaps and detergents,

oils pharmaceuticals, inks, paints, resins, cosmetics,

fatty acids, lubricants.

Paper, cellulose for fibers and polymers, resins,
binders, adhesives, coatings, paints, inks, fatty
acids, road and roofing pitch.

Wood




Exposure: Contact between a chemical and a target.'”” Contact takes place at an exposure surface
(such as the lungs, skin or digestive tract) over an exposure period.

Exposure assessment: The process of estimating or measuring the magnitude, frequency, and
duration of exposure to a chemical, along with the number and characteristics of the population
exposed.” Ideally, it describes the sources, pathways, routes, and uncertainties in the
assessment. Chemicals enter the environment as vapors, gases, liquids, and particles; they do so
through intentional and unintentional releases from chemical processes and products; and they
enter the body through the lungs (inhalation), the gastrointestinal system (ingestion), and the skin
(dermal absorption)."

Green chemistry: The design, development, and implementation of chemical processes and
manufactured products that are intended to reduce or eliminate substances hazardous to human
health and the environment.”” Green chemistry can be applied in at least three major areas: raw
materials, processes, and products. Green chemistry raw materials include renewable biobased
feedstocks, new chemical building blocks using biobased materials, and the design (or
mimicking) of chemicals that exist in nature. Green chemistry manufacturing processes use
safer solvents or solvent-less systems, alternative reaction pathways, novel catalysts, ultra-thin
membrane technologies, and other processes. Some processes harness biological processes (e.g.,
fermentation) to make chemicals at ambient temperature and pressure.'®"* Relative to products
made through standard chemical processes, green chemistry products are less reactive in
biological systems; they are less toxic and do not persist in the environment or accumulate in the
human body. In 2003, three Nobel prizes were awarded to chemists working in the area of green
chemistry."”

Twelve principles of green chemistry have been proposed to serve as a guide for measuring
progress toward the adoption of green chemistry:'> *°

e Prevent waste: Design chemical syntheses to prevent waste, leaving no waste to treat or
clean up.

e Design safer chemicals and products: Design chemical products to be fully effective, yet
have little or no toxicity.

e Design less hazardous chemical syntheses: Design syntheses to use and generate
substances with little or no toxicity to humans and the environment.

e Use renewable feedstocks: Use renewable materials and feedstocks. Renewable
feedstocks are often made from agricultural products or are the wastes of other processes;
depleting feedstocks are made from fossil fuels (petroleum, natural gas, or coal) or are
obtained by mining.

e Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic reactions.
Catalysts are used in small amounts and can carry out a single reaction many times,
unlike stoichiometric reagents, which are used in excess and work only once.



e Avoid chemical derivatives: Avoid using blocking or protecting groups or any temporary
modifications if possible. Derivatives use additional reagents and generate waste.

e Maximize atom economy: Design syntheses so that the final product contains the
maximum proportion of the starting materials.

e Use safer solvents and reaction conditions: Avoid using solvents, separation agents, or
other auxiliary chemicals. If these chemicals are necessary, use innocuous chemicals.

e Increase energy efficiency: Run chemical reactions at ambient temperature and pressure
whenever possible.

e Design chemicals and products to degrade after use: Design chemical products to break
down to innocuous substances after use so that they do not accumulate in humans or the
environment.

e Analyze in real time to prevent pollution: Include in-process, real-time monitoring and
control during synthesis to minimize or eliminate the formation of byproducts.

e Minimize the potential for accidents: Design chemicals and their forms (solid, liquid, or
gas) to minimize the potential for chemical accidents, including explosions, fires, and
releases to the environment.

Hazard: The inherent property of a chemical having the potential to cause adverse effects when
an organism, system, or (sub)population is exposed to that chemical."

Public health: The protection and enhancement of human health and well-being by preserving
the integrity of the biological, ecological, and social systems on which human life depend.*'*

Risk: The probability of an adverse effect in a person, system or (sub)population caused under
specified circumstances by exposure to a chemical.”® Conceptually, risk has also been defined as
a function of hazard and exposure: Risk = f(hazard,exposure), where “hazard” is intended to
refer to chemical toxicity.** Strategies to reduce risk by reducing exposure include, for example,
preventing escape of chemical emissions from a process, minimizing the volume of chemicals
used in a process, setting permissible public and worker exposure limits, using local exhaust
ventilation systems, or requiring workers to wear personal protective equipment. These
strategies have characterized the great majority of environmental policy activities in the U.S. and
California to date. Strategies to reduce risk by reducing hazards are oriented toward the design
of safer chemicals and chemical processes, such as green chemistry.

Sustainability: The condition resulting from industrial processes and products that meet the
economic, social, and environmental needs of the present generation without compromising
those of future generations.” The Committee on Grand Challenges for Sustainability in the
Chemical Industry of the National Academy of Sciences proposed eight major research
objectives “to enable the ongoing transition toward chemical products, processes, and systems
that will help achieve the broader goals of sustainability” in the U.S. chemical industry:*



e Green and sustainable chemistry and engineering: Discover ways to carry out
fundamentally new chemical transformations.

e Life cycle analysis: Develop tools to compare the total environmental impact of products
generated from different processing routes and under different operating conditions
through their full life cycle.

e Toxicology: Understand the toxicological fate and effect of all chemical inputs and
outputs of chemical bond-forming steps and processes.

e Renewable chemical feedstocks: Derive chemicals from biomass—including any plant-
derived organic matter available on a renewable basis, dedicated energy crops and trees,
agricultural food and feed crops, agricultural crop wastes and residues, wood wastes and
residues, aquatic plants, animal wastes, municipal wastes, and other waste materials.

e Renewable fuels: Lead the way in the development of future fuel alternatives derived
from renewable sources such as biomass as well as landfill gas, wind, solar heating, and
photovoltaic technology.

e Energy intensity of chemical processing: Continue to develop energy-efficient
technologies for current and future sources of energy used in commercial processing.

e Separation, sequestration and utilization of carbon dioxide: Develop more-effective
technology and strategies to manage the resulting carbon dioxide from current and future
human activity.

e Sustainability education: Improve sustainability science literacy at every level of
society—from informal education of consumers, to the practitioners of the field, and the
businesses that use and sell these products.

Toxic and ecotoxic: Inherent properties that cause an agent to produce an adverse biological
effect. Not all chemicals are toxic or ecotoxic; those that are, are not equally so. Some
chemicals can produce death in humans in microgram doses, for example, while others appear to
be relatively harmless at doses in excess of several grams (Table C).”” The toxic effects of
chemicals in the human body and in ecosystems can be local or systemic, immediate or delayed,
reversible or irreversible, as well as combinations of these attributes.”” For the great majority of
chemicals, the full range of toxic and ecotoxic effects is unknown. The health effects of
exposure to chemical mixtures are largely unknown; it is well-established, however, that
chemical mixtures can amplify or dampen the toxic effects of individual chemicals.”**



Table C. Examples of the toxicity range for some chemical and biological agents.*

Agent LDs, mg/kg
Ethyl alcohol 10,000
Sodium chloride 4,000
Ferrous sulfate 1,500
Morphine sulfate 900
Phenobarbital sodium 150
Picrotoxin 5
Strychnine sulfate 2
Nicotine 1
d-Tubocurarine 0.5
Hemicholinium-3 0.2
Tetrodotoxin 0.1
Dioxin (TCDD) 0.001
Botulinum toxin 0.00001

*LDs, is the dosage (mg/kg body weight) that causes death
in 50% of exposed experimental animals. LDs, reflects only
the acutely lethal dose and does not reflect the spectrum of
toxic effects associated with a chemical. Some chemicals
may produce cancer or birth defects at doses that produce no
evidence of acute toxicity. Note that some chemicals in the
table are synthetic and some are naturally occurring, and
both types occur at each extreme of toxicity.



2. Introduction

2.1 Green Chemistry Technology Innovation in California

By 2050, California’s population is expected to grow by about 50%, from 36 to 55 million
residents. This expansion will be accompanied by a growing set of social, economic, and
environmental problems; the magnitude of these problems, however, will be determined in large
part by the kinds of policy decisions California makes now and in coming years. In finding the
path to a sustainable future, it will be increasingly important to make decisions that link
economic development with measures that support environmental sustainability and human
society. A decision-making framework is therefore needed in California that will allow
policymakers to guide the transformations of industrial development in ways that simultaneously
solve health and environmental problems.

This report makes the case that chemicals policy is a key element in California’s transition to a
sustainable future. Problems associated with society’s current approach to chemical design, use,
and management represent one of the major challenges of the 21* century, and reorienting this
approach will require a long-term commitment to the development of a modern, comprehensive
chemicals policy. In California, chemical problems are already affecting public and
environmental health, business, industry, and government. On the current trajectory, these
problems will broaden and deepen. Altering this course will require a chemicals policy that
motivates industrial investment in the design, manufacture, and use of cleaner chemical
technologies, known collectively as green chemistry.

Green chemistry represents a primary, long-term solution to many of the chemical problems
facing California, and it is a key element of an industrial development strategy that is
environmentally, socially, and economically sustainable. Green chemistry products are less
toxic, they do not accumulate in the body, and they break down more readily in the environment.
Green chemistry processes use safer materials and less energy and produce less hazardous waste.

As detailed in this report, however, weaknesses in the design and implementation of the federal
Toxic Substances Control Act of 1976 (TSCA), together with the narrow scope of other U.S.
environmental statutes and a lack of government support for basic research in cleaner
technology, have discouraged U.S. chemical producers, product manufacturers, and
entrepreneurs from investing in green chemistry on a scale commensurate with the nature of
chemical problems facing society. As a consequence, the science of green chemistry remains in
its infancy in the U.S., and the U.S. market for green chemistry products has yet to be
established. The European Union and other nations, meanwhile, are moving rapidly ahead with
chemicals policy changes and public investments in green chemistry science and technology.

To be effective, chemicals policy in California will need to address the weaknesses in federal
chemical statutes by implementing improvements in three key areas: chemical information flows,
regulatory oversight and investment in green chemistry research and development. A properly
conceived chemicals policy will enable California to mobilize its unparalleled capacity for
innovation and could position the state to become a global leader in green chemistry science and
technology.



2.2 Chemicals: A Key Industry

Over the last 150 years, the U.S. chemical industry has played a key role in the U.S. and global
economy. The industry’s contributions to economic growth, employment, and improvements in
life expectancy, health, and living conditions in Western-style societies are widely
acknowledged.’'”* Chemicals are a basic feedstock to nearly all industrial and productive
activity in the U.S., and they appear in thousands of consumer and commercial products. In
2002, the American Chemistry Council (ACC) reported that U.S. businesses purchased $288
billion (Table D) in U.S. chemical products, and industry exports totaled $81 billion—Ilarger than
either agriculture or aircraft/aerospace.” The ACC reports that the industry contributed directly
or indirectly to 5.5 million U.S. jobs, or about 5% of the total U.S. workforce in 2002, and it paid
$24.5 billion in federal, state, and local taxes.*

Table D. Direct purchases of U.S. chemicals and chemical products in 16 U.S. industry sectors,
2002.

Industry sector U.S. billions
Health care 106.1
Consumer products 43.1
Rubber and plastic products 35.6
Furnishings, textiles, and apparel 16.4
Services and other 14.6
Agriculture 14.1
Paper and printing 10.0
Construction 10.4
Electrical and electronic equipment 54
Motor vehicles 4.6
Nonmetallic mineral products 34
Primary metals 3.3
Petroleum refining 3.0
Mining 2.3
Instruments 1.7
All other manufacturing 13.8
Total 288.0

In California, the ACC reports that the chemical industry employed about 81,000 people in
2004,” and that another 505,000 jobs were produced in the state indirectly by chemical industry
activity in California and other states.”® Together, this produced $28.6 billion in worker earnings
and $1.7 billion in state and local tax revenues. The ACC reports that industries for which 10%
or more of material inputs is derived from chemicals employ more than 4.3 million Californians
(Table E). California consumers and businesses purchase 164 million pounds of chemical
products each day, or about 4.5 pounds per capita.’’

B Includes pharmaceuticals and pesticide producers; disaggregated employment information for the four industry
sectors illustrated in Figure 1 is not available.
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Table E. California employment in industry sectors for which 10% or more of material inputs is
derived from chemicals.

Industry California employment, 2004
Health care 1,179,304
Durable goods 710,892
Construction 683,437
Services 609,038
Nondurable goods 450,517
Agriculture 363,496
Information 263,486
Mining and utilities 54,024
Wholesale 38,776
Total 4,352,970

Both directly through its employment and indirectly through its impact on other industries, the
chemical industry makes significant contributions to the economic well-being of citizens in the
U.S. and California.

The chemical industry is also important because its products are ubiquitous; in roughly the last
50 years, chemicals have come to constitute the primary material base of society. The chemical
industry has grown enormously in the last century and will continue to do so in the future,
concomitant with expansion in the global consumer economy. In 2001, the U.S. produced or
imported 42 billion pounds of chemicals each day, the equivalent (if converted to gallons of
water) of about 623,000 gasoline tanker trucks per day, each carrying 8,000 gallons.“ If placed
end-to-end, this number of trucks would extend 6,000 miles from San Francisco to Washington,
D.C., and back; in the course of a year, it would circle the earth 86 times at the equator. The
equivalent of about 2,700 such trucks are sold each day in California in consumer and
commercial products alone.”

These chemicals are used in innumerable processes and products, and at some point in their life
cycle many of them come in contact with people—in the workplace, in homes and through air,
food, water, and waste streams. Eventually, in one form or another, nearly all of them enter the
earth’s finite ecosystems. On the current trajectory, global chemical production is expected to
grow about 3% per year, such that it will double in size every 25 years for the foreseeable future
(Figure 2). Given the scale and pace of chemical production, the toxicity and ecotoxicity of
chemicals are of great public importance.

© An MC-407 gasoline tanker carries about 8,000 gallons of fuel. Estimates in this paragraph are based on the
following: (1.52 x 10" pounds/year)*(0.016 ft*/Ib water)*(7.48 gallons/1 ft')*(1 truck/8,000 gallons)*(1 year/365
days) = 623,000 trucks/day. Assuming each truck is 50 feet in length: (1 mile/5280 ft.)*(50 ft./truck)*(623,000
trucks/day)*(365 days/year) = 2,153,000 miles/year. The earth’s diameter at the equator = 7,926 miles and its
circumference at the equator = 7,926z = 25,000 miles. (2,153,000 miles/25,000 miles) = 86.

P For California: (1.64 x 10® pounds/day)*(0.016 ft/1 Ib water)*(7.48 gallons/1 ft)*(1 truck/8,000 gallons)*(1.11
for 11% population growth from 1997-2004) = 2,723 trucks/day.
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Figure E Estimated projection of the global production index (GPI) of chemical production to
2030.*
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* 1997 = 100 and production is assumed to follow the trajectory defined by the period 1992-2002.

2.3 Closing the Gaps: The Challenge for Chemicals Policy
in California

The size, complexity, economic importance, and rapid growth of the chemical industry have
made it very difficult for countries around the world to implement effective chemicals policies.
The U.S. is no exception. Of all the federal environmental statutes, the Toxic Substances
Control Act (TSCA) of 1976 is the only U.S. law that is intended to enable regulation of
chemicals both before and after they enter commerce. It has become clear, however, that TSCA
has not provided an effective vehicle for the public, government, or industry to assess the
hazards of the great majority of chemicals in commerce (the Data Gap), to control those that are
known to be hazardous to public and environmental health (the Safety Gap), or to stimulate
government and industry investment in green chemistry research and development (the

F This estimate was derived using a statistical model in which random samples were drawn from a distribution
consisting of 10,000 random samples drawn from values representing the percent change per year in the global
chemical production index for the period 1992 to 2002 (range 0.015 to 0.052; mean 0.032; standard deviation
0.015).*” The model thus assumes continued global production to 2030 at the 1992—2002 rate. This rate is similar to
that of previous years. This projection is similar to that of the Organization for Economic Cooperation and
Development (OECD), UK Chemicals Industry Association and the American Chemistry Council, which predict an
annual growth rate ranging from 0.026 to 0.035 leading up to 2020.*" Indexed to 1995, the OECD expects non-
OECD countries to experience 200% growth in chemical production by 2020 (from 0.5 to 1.5 trillion US$)
compared to 75% growth for OECD countries (2.0 to 3.5 trillion USS).
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Technology Gap). In California, the problems resulting from these three gaps are affecting
public and environmental health, business, industry, government, and chemical producers
themselves—especially those seeking to innovate green chemistry. Addressing these problems
will require a modern, comprehensive approach to chemicals policy in California.

Other U.S. statutes have not remedied the deficiencies of TSCA and are surprisingly narrow in
their scope. Combined, five major U.S. environmental and occupational statutes cover only
1,134 chemicals and pollutants.*’ The U.S. Occupational Safety and Health Administration, for
example, has adopted workplace exposure limits for only 193, or about 7%, of the 2,943
chemicals produced or imported at more than one million pounds per year in the U.S.*

TSCA’s weaknesses have far-reaching effects. Lacking comprehensive and standardized
information on toxicity and ecotoxicity for most chemicals, it is very difficult for businesses and
industry to choose safer chemicals or to identify and reduce the use of hazardous chemicals in
their supply chains. Government agencies do not have the information they need to
systematically identify and prioritize chemical hazards, nor the legal tools to efficiently mitigate
known hazards. Consumers, workers, and small-business owners do not have the right kinds of
information to identify and use safer chemical products. The lack of chemical information
weakens the deterrent function of the product liability and workers’ compensation systems. The
lack of both regulatory and market drivers has dampened motivation on the part of U.S. chemical
producers and entrepreneurs to invest in new green chemistry technologies. Meanwhile,
evidence of public and environmental health problems related to chemicals continues to
accumulate. The California Legislature faces numerous bills each year related to chemical
problems, and on the current trajectory, the number of bills is likely to grow.

Leaders in the U.S. chemical industry have responded to these problems with a number of
voluntary initiatives, including the Responsible Care program (of the ACC), the High Production
Volume chemical program (ACC), the Long-Range Research Initiative (ACC), and the
Responsible Distribution Process (of the National Association of Chemical Distributors). These
efforts have undoubtedly produced improvements in environmental performance by leading
firms in the chemical industry, and they will continue to do so. In particular, the HPV program
is expected to produce basic screening level data for the great majority of the 2,943 chemicals in
the U.S. that are produced or imported at more than one million pounds per year and that
currently constitute about 99% of chemicals in commercial circulation, by volume. When
combined with basic measures of exposure, these data could provide a useful, if limited,
foundation for chemical data reporting in California. On the other hand, it is clear that California
cannot F1rely on voluntary initiatives by industry as the basis for a comprehensive chemicals
policy.

¥ We evaluated a number of voluntary initiatives, including the U.S. chemical industry’s High Production Volume
(HPV) program, the Responsible Care program, the semiconductor industry’s Semiconductor Equipment and
Materials International S2 Standard (SEMI), California’s Hazardous Waste Source Reduction and Management
Review Act (SB 14),* and an analysis of the mining and forestry sectors conducted by the Organization for
Economic Cooperation and Development (OECD).* We found that while these efforts were generally positive, they
were intended to incrementally improve the performance of existing industrial systems, not to transform those
systems through technological change, as will be needed for the broad adoption of green chemistry. The
Responsible Care program, for example, has sought to reduce environmental impacts among participating firms but
has avoided confronting the health, environmental and economic problems associated with continued reliance on
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On the current trajectory, problems related to the design, use, and regulation of chemicals in
California will only expand. Federal regulatory weaknesses have given rise to conditions in the
chemicals market that favor existing chemicals and discourage investment by chemical producers
in green chemistry innovation and technological change. Large “sunk” investments by industry
in existing chemical technologies will make it difficult to transition to an industrial system based
on cleaner technology, including green chemistry; this transition, however, will have to be made
if California is to respond proactively to developments in the E.U. and address a host of chemical
problems affecting public and environmental health, business, industry, and government in the
state. A California chemicals policy will enable more of the state’s businesses to “clean” their
supply chains and implement green chemistry technologies, and it could position California to
become a global leader in green chemistry technology innovation. The primary challenge of
chemicals policy in California will be to motivate producers, distributors, and users of chemicals
to invest in green chemistry and other practices that contribute to a developmental path in
California that is environmentally, socially, and economically sustainable.

The analysis presented in the report is intended to help policymakers:

e understand the key weaknesses of federal statutes, particularly TSCA, that have given
rise to the Data, Safety, and Technology Gaps (Section 3);

¢ understand the problems the three Gaps have created in California for public and
environmental health, business, industry, and government (Section 4);

e recognize the need for a green chemistry technology transition in the chemical industry
(Section 4);

e understand the basis for resistance by chemical producers to policies that would induce
this transition (Section 4);

e recognize the significance of chemicals policy developments occurring in the European
Union and among U.S. businesses and nongovernmental organizations (Section 5);

e recognize the relevance of the Massachusetts Toxics Use Reduction Act to chemicals
policy in California (Section 6); and

e craft a chemicals policy that addresses health and environmental problems and motivates
industry to invest in green chemistry technologies by closing the Data Gap, the Safety
Gap, and the Technology Gap (Section 7).

petroleum feedstock; SEMI induced positive changes in the environmental performance of numerous actors in the
semiconductor industry but did not address the problems associated with the use of lead, cadmium, mercury and
other hazardous materials in electronics, which are now being addressed by regulations in the European Union.
Under SB 14, the California Department of Toxic Substances Control (DTSC) found that 29 of 40 California firms
evaluated in 1998 in the Chemicals and Allied Products sector were significantly out of compliance. DTSC
concluded “the underlying problem may be that company management lacks commitment to devoting the necessary
resources to evaluate source reduction options.” Without a robust market or regulatory driver, most firms seek to
avoid the disruption and costs that can accompany technological change, even when such changes are necessary for
the long-term viability of the industry as a whole. As a result, we found that policies that could induce technological
change were largely absent from voluntary initiatives.
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3. The Federal Origins of the Data, Safety,
and Technology Gaps

3.1 Overview

This section describes the structural weaknesses in federal statutes that have produced a chemical
Data Gap, Safety Gap, and Technology Gap in the U.S. The Data Gap refers to the absence of
publicly available, standardized, robust information about the hazards and uses of chemicals in
commerce, which impedes businesses, industry, government, consumers, and workers from
identifying and acting on chemical hazards. The Safety Gap refers to legal and procedural
barriers that prevent government agencies from mitigating known hazardous chemicals or
preventing the introduction of new ones. The Technology Gap refers to the absence of proactive
government efforts to support research, development, education, and technical assistance in
green chemistry science and technology. California has not developed remedies to these three
chemicals policy gaps.

Of all federal statutes, the federal Toxic Substances Control Act (TSCA) of 1976 (P.L. 94-469) is
the only law that is broadly intended to enable regulation of chemicals both before and after they
enter commerce.® As detailed in this section, weaknesses with TSCA lie at the heart of the Data,
Safety, and Technology Gaps. The majority of chemical problems facing public and
environmental health, business, industry, and government in California trace their roots to these
weaknesses.

Other federal and state laws that pertain to chemicals are essentially “end-of-pipe” statutes that
do not allow review of chemicals prior to their introduction into commerce. The section
illustrates that the narrow scope and downstream orientation of these statutes prevent them from
remedying the weaknesses of TSCA. Conversely, the weaknesses of TSCA have limited the
potential effectiveness of these statutes.

3.2 The Toxic Substances Control Act

TSCA’s passage in 1976 resulted from widespread concern about the absence of public oversight
over the proliferation of chemicals in commerce. At the time, this situation was not unique to the
U.S.; internationally, the introduction of tens of thousands of chemicals into the market preceded
regulation of any kind.

In enacting TSCA, Congress had three major policy objectives:*
e Those who manufacture and process chemical substances and mixtures should develop

adequate data with “respect to the effect of chemical substances and mixtures on health
and the environment.”

% The 1996 Food Quality Protection Act addresses pesticides used in food production, and the 1997 Food, Drug and
Cosmetic Act addresses the use of chemicals in food, drugs, and cosmetics. The 1990 federal Pollution Prevention
Act addresses chemicals at the point of production and use but its applications are strictly voluntary.
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e The government should have adequate authority to regulate chemical substances and
mixtures that present “an unreasonable risk of injury to health or the environment, and to
take action with respect to chemical substances and mixtures which are imminent
hazards.”

e The government’s authority over chemical substances and mixtures should be exercised
“in such a manner so as not to impede unduly or create unnecessary economic barriers to
technological innovation.”

TSCA represented an important step forward in the U.S. in the regulation of chemicals. Prior to
its passage, for example, the U.S. had no inventory of chemicals in commercial circulation, and
there was no vehicle for a public agency to conduct pre-market evaluation of chemicals. On the
other hand, it is clear that TSCA is need of modernization. Studies conducted by the National
Academy of Sciences (1984),* the U.S. General Accounting Office (1994),*” the Congressional
Office of Technology Assessment (1995),* the nongovernmental organization Environmental
Defense (1997),” the U.S. EPA (1998), the U.S. Government Accountability Office (2005),
former EPA officials,** and researchers™ have concluded that TSCA has fallen short of its
objectives and has not provided an effective vehicle for the public, industry or government to
assess the hazards of chemicals in commerce or control those of greatest concern. As a
consequence, it has not served to motivate industry investment in cleaner technologies, including
green chemistry.

These studies point to TSCA’s three overarching weaknesses in design and implementation that
we have designated the Data Gap, the Safety Gap, and the Technology Gap.

3.2.1 The Data Gap

For the great majority of chemicals in commercial circulation, TSCA has provided EPA with
insufficient authority to require the generation of information on chemical toxicity and
ecotoxicity and the distribution of that information to state governments, businesses, industry,
and the public. In 1979, at the time TSCA was implemented, there were about 62,000 chemicals
in commercial circulation in the U.S.—often described as “1979 existing chemicals.”* These
chemicals were “grandfathered” under TSCA; chemical producers were not required to disclose
information on their toxic and ecotoxic properties, and they were generally considered to be
“safe.” TSCA assigned the EPA responsibility for assessing the risks associated with these
chemicals.

TSCA erected a number of barriers that have prevented the EPA from fulfilling this
responsibility. Before the EPA is able to require a chemical producer to generate the test data
necessary for assessing risks, TSCA requires the agency to show, on a chemical-by-chemical
basis, that a chemical either (a) may present an unreasonable risk to human health or the
environment, or (b) that the chemical is produced or imported in substantial quantities, and
enters the environment in substantial quantities, or there is or may be significant or substantial
human exposure to the chemical. The EPA must also demonstrate that existing health and
environmental information about the chemical is insufficient, and that testing by the producer is
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necessary to fill the information gaps. If the EPA cannot meet these requirements, it cannot act
under TSCA to require generation of safety information about a chemical.

This legal burden has created a “logical paralysis” for the EPA: to assess chemical risks, the EPA
needs toxicity and exposure data that producers are not required to provide unless the EPA can
first show that such a risk may in fact exist. Not surprisingly, this has turned out to be a
significant barrier for the EPA. In 1994, the GAO found that the EPA had managed to review
the risks of about 1,200 (2%) of the 62,000 “1979 existing chemicals.”** The EPA reported to
the GAO, however, that about 16,000 (26%) of these chemicals were potentially of concern on
account of their production volume and chemical design.**

Though the TSCA inventory has grown to 81,600 chemicals, this body of 62,000 “1979 existing
chemicals” continues to constitute the great majority of chemicals in commercial circulation in
the U.S. (by volume), many of which have reached high levels of use despite very little
information about their toxicity or ecotoxicity.”® Currently, 8,282 chemicals are produced or
imported in the U.S. at more than 10,000 pounds per year, and 2,943 are produced or imported at
more than one million pounds per year, known as High Production Volume (HPV) chemicals
(Table F).*® Ninety-two percent of HPV chemicals in commercial circulation today consist of
“1979 existing chemicals”; only 248 (8%) new chemicals introduced since 1979 have reached
HPV status.”®

Table F. Distribution of chemicals produced or imported in the U.S. in 2001, as reported under
the 2002 TSCA Inventory Update Rule.*

Distribution of chemicals produced or imported in the U.S.

U.S. production &  Number of chemicals in Percentage of chemicals in

import range, Ibs the production range the production range
Non-HPV 10K to 500K 4,670 56%
>500K to 1M 669 8%
>1M to 10M 1,548 19%
>10M to 50M 577 7%
HPV >50M to 100M 153 2%
>100M to 500M 273 3%
>500M to 1B 77 9%
>1B 315 4%
Total pounds reported 15,208,921,689,779
Total HPV pounds 15,207,877,185,511
HPV as percent of total 99.99%

* Chemicals produced or imported at less than 10,000 pounds per year are not subject to reporting under
the Inventory Update Rule except under certain conditions, such as an order under Section 5(¢). HPV
chemicals constitute about 35% of the number of chemicals produced or imported at 10,000 pounds or
more per year, but over 99% by volume, according to Inventory Update Rule reporting data.

Given its constraints under TSCA, the EPA has opted for voluntary approaches to generating

chemical toxicity and ecotoxicity data, beginning in 1997 with an effort to gather screening-level
data on the HPV chemicals.” As of 2003, chemical producers had voluntarily submitted
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screening-level data for about 90% of these chemicals.® ¥ Because HPV chemicals account for
over 99% of chemicals in commercial circulation in the U.S., these data could provide a
foundation for chemical reporting in California, assuming they can be linked to basic measures
of exposure (Section 7).

On the other hand, while the HPV program represents an important beginning, it will not provide
enough information to support chemical decision-making by businesses, industry, government,
and the public. The U.S. EPA has recommended that more extensive toxicity testing would be
needed beyond screening-level tests to “adequately assess the hazards of higher-exposure
chemicals (e.g., chemicals in consumer products, chemicals to which children may be exposed,
high-release TRI chemicals, chemicals with large numbers of exposed workers etc.).” The
EPA, however, presently has no systematic efforts under way to obtain more extensive toxicity
data on the HPV chemicals or to gather screening-level data on the 5,339 chemicals produced or
imported in the range of 10,000 to one million pounds per year.*®

For the great majority of chemicals in commercial circulation, there is insufficient publicly
available information about the toxicological properties and uses that is necessary for
determining whether these chemicals are safe for human health and the environment; this can be
characterized as a chemical Data Gap.

3.2.2 The Safety Gap

In addition to giving the EPA limited authority for requiring the generation and distribution of
chemical information, TSCA makes it very difficult for the EPA to take regulatory action on
chemicals. To regulate a chemical, TSCA requires EPA to provide “substantial evidence” that
(1) the chemical presents or will present an “unreasonable” risk to health and the environment,
(2) the benefits of regulation outweigh both the costs to industry of the regulation and the lost
economic and social value of the product, and (3) EPA has chosen the least burdensome way to
eliminate only the unreasonable risk. In considering regulatory actions, the EPA is required to
“consider the environmental, economic, and social impact of any action” it proposes to take.”

Faced with this burden of proof, the EPA has been able to use its formal rule-making authority to
regulate only five existing chemicals (or chemical classes) since the passage of TSCA in 1979:
polychlorinated biphenyls (PCBs), chlorofluorocarbons (CFCs), dioxins, asbestos, and
hexavalent chromium.” Of these, TSCA itself required regulation of PCBs, and EPA’s
regulation of asbestos, promulgated after the agency spent 10 years gathering evidence, was
overturned in its most significant aspects by the 5™ Circuit Court of Appeals, which concluded
that EPA had failed to meet its burdens of proof.>

TSCA enables the EPA to be somewhat more active under the provisions of the statute that
pertain to “new” chemicals introduced since 1979." As noted above, these chemicals comprise

" Since the program’s launch in 1997, about 700 additional chemicals have reached HPV status in the U.S.
Chemical producers have voluntarily submitted information for about 100 of these, and the industry has announced
an “Extended HPV Challenge” to address the remainder.

" These provisions also apply to a small number of “existing” chemicals in the original 1979 TSCA inventory for
which the EPA has issued Significant New Use Rules.
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248 HPV chemicals and a number of other smaller-volume chemicals.” Using information
submitted by producers on “pre-manufacturing notices” (PMNs), the EPA has acted in various
ways to restrict 3,500 (10%) of the 36,600 chemicals that producers proposed to introduce into
commercial circulation between 1979 and 2004.°'

TSCA thus enables EPA to take steps to control new chemicals before they are marketed; on the
other hand, it only requires that producers submit toxicity testing information that is “in their
possession” when they file the PMN; it does not require new testing.®> This has created a
disincentive for producers to conduct toxicity testing. For example, the EPA has reported that
85% of PMNs lack data on chemical health effects, and 67% lack health or environmental data
of any kind.®" In addition, once new chemicals are placed on the TSCA inventory, EPA may
regulate them only under the standards and burdens it carries for “1979 existing chemicals.”
Producers are not required to generate tiered health and environmental data on new chemicals as
their production volume increases over time, such as the 248 new chemicals that have reached
HPYV status.

Finally, TSCA contains confidential business information (CBI) provisions that have prevented
the EPA from distributing the chemical information it obtains through the PMN process and
Inventory Update Rule. In 1998, the EPA reported that 65% of information filings submitted
under TSCA were claimed by businesses as CBI.*> The EPA determined that 22% of these
claims were invalid.” In 2005, the EPA reported that 95% of PMNs contained some
information that chemical companies claimed as confidential.* California state agencies,
businesses, and nongovernmental organizations have no more access to chemical information
classified as CBI under TSCA than do private citizens.” State agencies in California are
therefore currently unable to determine the toxicity, ecotoxicity, identity, volume in commerce,
locations of use, or potential routes of exposure of chemicals used in the state (Section 4).

The U.S. EPA has been unable to regulate “1979 existing chemicals” and it has had to rely on
limited information and tools to regulate “new chemicals”; this has produced a chemical Safety
Gap in the U.S.

3.2.3 The Technology Gap

By not requiring the generation and disclosure of the toxicity of chemicals on the market, and by
erecting barriers to chemical regulation, TSCA has given rise to conditions in the market that
have favored existing chemicals and dampened industry motivation to invest in green chemistry
technology innovation (Section 4). In addition, TSCA was not intended as a vehicle for the
federal government to support research, development, and education in cleaner chemical
technologies, including green chemistry. Although practical developments in green chemistry
are occurring among a number of leading U.S. chemical producers,”*” government support for
green chemistry research in the U.S. is lagging behind initiatives in Japan, Italy, China, and
Australia.®® ¢ Together, these conditions may be producing a green chemistry Technology Gap
in the U.S. that could have long-term implications for U.S. competitiveness in the chemicals
market.
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3.3 Federal Pollution Control Statutes

There are a number of federal statutes oriented to chemical pollution and exposure control.
These statutes have produced improvements in environmental and occupational health
performance by industry.”” The American Chemistry Council, for example, reports that the
industry spent $10 billion per year between 1995 and 2002 (about 3% of sales) on efforts to
abate air pollution, water pollution, and other pollution (43%); capital costs for pollution
abatement (27%); hazardous waste cleanup (16%); and worker health and safety (14%) related to
the industry’s current choice of chemical technologies.”

On the other hand, the narrow scope of federal statutes has prevented them from functioning as a
“safety net” against the deficiencies of TSCA. Five major federal statutes regulate emissions or
exposure levels for only 1,134 chemicals and pollutants (Table G).”” Adding, deleting, or
otherwise changing listed chemicals requires extensive justification—at public expense—and
typically engenders a legal challenge. These statutes have therefore not kept pace with
developing scientific knowledge of chemical toxicity that is reflected, for example, in the
Hazardous Substances Data Bank of the U.S. National Library of Medicine, which contains
entries for about 4,800 potentially hazardous chemicals.”

Table G. The number of chemicals listed under five major federal statutes.*

Number of

Federal statute chemicals listed

Clean Water Act (CWA)™ 148
Resource Conservation and Recovery Act (RCRA)” 502
Clean Air Act (CAA)" 189
Occupational Safety and Health Act (OSH Act)” 453
Emergency Planning and Community Right-to-Know 600

Act; the Toxics Release Inventory (EPCRA — TRI)™

*With overlap, the total number of regulated chemicals is 1,134.

The number of regulated chemicals, as well as the chemicals themselves, varies considerably
from statute to statute (Table H). Chemicals that appear in any pair of the five statutes range
from only 13% to 29% of the total number.” This variability results primarily from the fact that
the lists were derived independently for different reasons; some of the statutes are concerned
entirely with human health, for example, while others also address ecosystem effects.”

Because the scope of the statutes is constrained, they have not served to motivate broad
investment by chemical producers in green chemistry technologies. In theory, if they are
sufficiently stringent and adaptable to new technology developments, pollution control strategies
can motivate investment by industry in new pollution prevention technologies, including green
chemistry. For example, a standard that prohibits the discharge of certain hazardous chemicals
into wastewater (but leaves industry responsible for developing the means for achieving the
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standard) can in principle lead to industrial innovations that include green chemistry solutions.
Although the federal pollution control statutes have achieved this objective in isolated cases, they
have not motivated industry to invest broadly in green chemistry and other cleaner technologies,
which has contributed to the Technology Gap.

Table H. Comparison of chemicals listed under the five statutes in Table G.

Comparison Nu_mber .Of
chemicals listed
Regulated under all five statutes 49
Regulated under at least four statutes 119
Regulated under three or more statutes 210
Regulated under two or more statutes 371
Regulated under only one of the five statutes 768

3.4 California Pollution Control Statutes

California has established a number of its own efforts to regulate chemicals that appear in air,
water, workplaces, and consumer products (Table I). These efforts have led to improved
practices in California. Under Proposition 65 (the Safe Drinking Water and Toxic Enforcement
Act of 1986), for example, California is able to notify the public of certain carcinogenic or
reproductive chemical hazards where the state can demonstrate a potential risk of exposure. The
state has assigned workplace permissible exposure limits (PELSs) to nearly 700 substances,
compared to 453 under federal OSHA.*® Many of California’s PELs are more protective of
workers than those of federal OSHA. California has developed a number of community-based
exposure limits for chemicals and is pursuing innovative strategies to encourage the use of green
building materials.®" Like the federal statutes, however, California’s laws capture a very small
number of chemicals and pollutants, and updating them is constrained by legal and procedural
barriers.

Other chemical regulatory efforts in California that do not involve lists of chemicals include the
Certified Unified Program Agencies (CUPAs) of 1993 (SB 1082), the Hazardous Waste Source
Reduction and Management Review Act of 1989 (SB 14), and the Hazardous Substances
Information and Training Act of 1986. These laws and programs have produced improvements
in the management and communication of some chemical hazards; however, with the possible
exception of Proposition 65, however, California’s environmental laws—Iike those at the federal
level—are too constrained to enable California to effectively identify, prioritize, and mitigate
chemical hazards, nor have they served to motivate industry investment in cleaner chemical
technologies, including green chemistry.
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Table I. Numbers of chemicals regulated in California under nine programs.*

Number of

California statute or program chemicals listed

Permissible Exposure Limit (workplace) (DOSH)* 688
Chronic Reference Exposure Levels (air) (OEHHA)® 80
Registry for Report of Carcinogen Use (workplace) 30
(DIR)*

Maximum Contaminant Levels (water) (DHS)* 77
AB 2588 — Air Toxics “Hot Spots” (air) (EPA)* 80
Drinking Water Action Levels (water) (DHS)* 49
Toxic Air Contaminants (air) (EPA)* 24
Proposition 65 Chemicals (consumer products) 635
(EPA)Y

Process Safety Management Chemicals (industry) 138
(DOSH)*

*DOSH: Division of Occupational Safety and Health
OEHHA: Office of Environmental Health Hazard Assessment
DIR: Department of Industrial Relations
DHS: Department of Health Services
EPA: California Environmental Protection Agency

This orientation in California law has emerged in part from a general presumption among
California policymakers that federal law, particularly TSCA, provides the U.S. EPA with
sufficient authority to assess the hazards of chemicals in commercial circulation and control
those of greatest concern, which is not the case, as described above.

3.5 Lessons Learned from the Current Regulatory Context

The experience under TSCA since 1979 illustrates three key lessons for chemicals policy in
California:

First, it illustrates chemicals policy approaches that are ineffective. These include (1) not
requiring chemical producers to generate and disclose toxicity and other information sufficient to
evaluate the safety of chemicals (the Data Gap); (2) requiring public agencies to produce
extensive evidence of harm and economic analyses before they are able to take actions to protect
public and environmental health (the Safety Gap); and (3) neglecting the role of information,
regulation, and public investment in spurring research and development in new technologies,
such as green chemistry (the Technology Gap). Chemicals policy in California will need to
correct these weaknesses.
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Second, it illustrates policy approaches that are outmoded. With advancements over the last
thirty years in the environmental health sciences, it is clear that many chemicals are hazardous to
biological systems, sometimes at very low doses, and they are particularly so during fetal and
child development (Section 4). While such chemicals might constitute only a subset of
chemicals in commercial circulation, the size of this subset is presently unknown—although the
evidence suggests it far exceeds the number of chemicals presently listed under federal and state
statutes.

The disconnect between a continually evolving body of knowledge in the environmental health
sciences and the static nature of the chemical regulatory system is a source of tension in
California that could grow in the future. California journalists are reporting on developments in
toxicology and regulatory changes in the European Union, and public-health advocates—as well
as a growing number of business leaders in California—are aware that the regulatory system is
incapable of responding to these developments in a proactive, deliberative way. California will
need to develop mechanisms for decision-making and action in chemicals policy that are better
able to respond to evolving knowledge in the environmental health sciences and to developments
in the chemicals market (Section 7).

Third, it points to policy flaws that prevent proper operation of the market. The work of Nobel
prize-winning economist Joseph Stiglitz suggests that the Data Gap has created a “market
failure” in the U.S. that prevents the laws of supply and demand from enabling the market to
produce what the public really wants.* Because the chemicals market lacks robust, easy-to-use
information on chemical toxicity, the prices businesses and consumers pay for chemicals may
not reflect their true preferences; they may inadvertently be purchasing hazardous chemicals that
they might avoid if they had better information. As a consequence, Guth, Dennison, and Sass
argue that “the demand for safer products is not adequately expressed or realized in the
market.”” These conditions disadvantage producers of safer products, and they give rise to
commercial interests that are motivated to protect existing products, including those that are
hazardous (Section 4). These interests naturally resist information disclosure policies out of
concern that they could undercut the market share of existing chemicals if those chemicals are
found to be hazardous. A new approach to chemicals policy is needed in California that better
uses information to leverage market forces.

Together, weaknesses in the federal regulation of chemicals have created Data, Safety, and
Technology Gaps that have dampened the motivation of industry to innovate safer chemical
products and processes, including green chemistry. The commercial interests that have grown up
within this “economic space” will present a significant challenge to new chemicals policy efforts
in California; on the other hand, as described in the following section, the array of problems
these three gaps are causing for public and environmental health, business, industry, and
government in California are likely to worsen if left uncorrected.
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4. Chemical Problems in California

This section describes chemical problems in California from three perspectives: public and
environmental health, business and industry, and government. The section illustrates that many
of these problems trace their roots to the Data, Safety, and Technology Gaps that have emerged
as a result of federal chemicals policy weaknesses, notably those of TSCA (Section 3). The
section is organized as follows:

4.1 Public and Environmental Health
4.1.1 Environmental Justice
4.1.2 Children
4.1.3 Consumers
4.1.4 Workers
4.1.5 Environment

4.2 Business and Industry
4.2.1 Businesses That Use Chemicals
4.2.2 Green Chemistry Leaders
4.2.3 Chemical Producers

4.3 Government
4.3.1 State and Municipal Agencies
4.3.2 The Legislature

4.1 Public and Environmental Health

There is growing scientific concern regarding the implications of chemical exposures that occur
over the course of the human lifespan—in workplaces and homes and in air, water, food, and
waste streams—particularly during the sensitive period of fetal and child development. In
considering health effects in relation to chemical exposures, it is important to recognize that, in
the great majority of cases, human disease results from a combination of environmental,
socioeconomic, genetic, and cultural factors, each of which acts over a lifetime.”* Chemical
exposures represent one of many environmental factors that can induce disease directly and can
also influence the initiation, progression, or recurrence of other disease processes.” *°

On the other hand, there is a substantial body of literature regarding chemically induced diseases
among workers and other highly exposed individuals and populations.”'® There is growing
evidence in animal studies that some chemicals can disrupt biological processes at very low
doses. The biological and ecological effects of chemicals are of growing importance given the
scale and pace of chemical production globally. In the following subsections we present
examples of public and environmental health problems facing California that are related to
chemicals; this review, however, is not intended to be a comprehensive examination of these
issues.
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4.1.1 Environmental Justice

It is well established that certain populations—immigrants, minorities, and lower-income
groups—are at heightened risk of exposure to hazardous chemicals and chemically induced
disease. The fact that emissions of chemical pollutants tend to be concentrated in lower-income
and minority communities in California is well-documented.'”'" This reflects earlier research in
the area of occupational injuries and illnesses, which showed that Latino males were 80% more
likely to suffer a disabling illness or injury than white males (68 vs. 38/1,000), while black males
were 40% more likely (53/1,000)."" Latinas were almost 60% (33/1,000) and African American
women were 40% (29/1,000) more likely than their white female co-workers in the same
industries (21/1,000) to suffer a disabling illness or injury. In communities and in workplaces in
California, immigrants, minorities, and lower-income groups are at disproportionately
heightened risk of hazardous chemical exposures.

The California Environmental Protection Agency has adopted an Intra-Agency Environmental
Justice Strategy that calls for consideration of environmental justice in the “development,
adoption, implementation and enforcement of environmental laws, regulations and policies” in
California.'? Environmental justice matters overlie many of the chemical problems described for
children, consumers, and workers in this section.

4.1.2 Children

The evidence indicates that (1) children are especially vulnerable to the effects of chemical
exposures; (2) children are exposed to chemicals during pregnancy, in breast milk, through
consumer products, and through food, air, and water; (3) many of these chemicals have
properties that can cause them to disrupt biological processes; and (4) some portion of the
chronic pediatric conditions of asthma, certain cancers, and autism are related to chemical
exposures.'*"" Tt is possible that the long-term effects of chemical exposures during fetal,
infant, and child development are under-appreciated. Children and their offspring will carry the
greatest burden of chemically induced damage to human and environmental health. Chemicals
policy strategies are needed that will enable California to proactively identify, prioritize, and
mitigate chemical exposures of concern to children’s health, even when the health outcomes
resulting from these exposures have not been fully characterized.

Children are uniquely vulnerable to the effects of chemical exposures.

In 1993, the National Academy of Sciences reported that children are uniquely vulnerable to the
effects of chemical exposures during all periods of fetal, infant, and child development. This
vulnerability is attributable to four key factors, as follows:'"

e Sensitive physiological processes can be disrupted during the rapid growth and
development characteristic of embryonic and fetal life and the first year following birth.
Development of the brain, for example, requires the formation and interconnection of
billions of neurological cells; development of the endocrine system and reproductive
organs is guided by a precisely timed sequence of hormones that exert their effects in the
parts-per-trillion range.
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e Children’s metabolic pathways, especially in fetal life and in the first month after birth,
are immature. Among other factors, growth of the blood-brain barrier, which can provide
protection against some chemicals, is incomplete during fetal and early child
development, such that chemicals are able to move directly from the maternal blood
stream into the developing fetal brain.

e Relative to their size, children’s intake of air, water, and food is far greater than that of
adults. The amount of air a resting infant breathes, for example, is twice that of an adult,
normalized by body weight. Children therefore experience disproportionately higher
doses of environmental agents, including chemicals.

e Children have more years of future life than adults and thus have more time to develop
diseases initiated by exposures early in life. Many chronic diseases, including cancer and
neurodegenerative diseases, appear to arise as a result of cellular changes that take place
many years before the actual manifestation of the disease. Critical windows of exposure
to hazardous chemicals in utero, during early child development, and during puberty are
more likely to produce chronic disease than similar exposures encountered later.

Chemical exposures take place during fetal development.

For the reasons outlined above, chemical exposures that occur during fetal development are of
special concern.'” ' There is evidence that many chemicals reach the fetus.'* '* 1228 A 2005
study reported (for the first time) that the maternal urinary concentration of chemicals used as
plasticizers in consumer products—known as phthalates—was associated in a statistically
significant dose-response relationship with changes in the sexual characteristics of a study group
of 134 boys age 2 to 36 months.”” ' These changes were consistent with those seen in animal
studies and were reported to occur at maternal phthalate metabolite concentrations that were not
unusually high compared to the U.S. female population, based on a nationwide sample. While
further studies will be needed to validate these findings, the reported effects could represent one
outcome in a cascade of other, as yet unidentified, forms of human endocrine disruption by
phthalates. Phthalates make up about 87% of the 10.4 billion-pound-per-year world market for
plasticizers."’

A 2005 report by the Environmental Working Group, a U.S. nongovernmental organization,
showed that between 159 and 234 chemicals were present in samples of umbilical cord blood
obtained from 10 newborns.”' Many of these chemicals were reported to be associated with
toxic effects in animals or humans, or both.

Among other pathways, fetuses may be exposed to chemicals through parental use of consumer
products. A British study of 7,000 families found that women quite commonly used chemical
consumer products during pregnancy.'** The products used (and the percentage of women using
them) were disinfectant (87%), bleach (85%), air freshener (68%), window cleaner (61%), carpet

! These were decreased anogenital distance and incomplete descent of the testes, both of which are associated with
feminization. Plasticizers are introduced into a wide range of consumer and commercial products to improve
flexibility.
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cleaner (36%), paint or varnish (33%), turpentine (23%), pesticides and insecticides (21%), paint
stripper (6%), and dry cleaning fluid (5%).

Chemical exposures take place during infant and child development.

There is evidence that children who are nursing are exposed to a significant number of chemicals
in breast milk, including some that are known to be toxic, including methylene chloride, styrene,
perchloroethylene, toluene, trichloroethylene, 1,1,1-trichloroethane, xylene, dioxins, benzene,
polychlorinated biphenyls (PCBs), chloroform, polybrominated diphenyl ethers (PBDEs), and
others."**'* QOver the last 30 years, for example, total PBDE levels in breast milk have shown a
doubling time of only five years (Figure 3). While the chemical “body burden” of males slowly
increases over a lifetime, it appears to be reduced in nursing mothers through transfer out of fat
tissue into breast milk.""' A study of 800 nursing mothers found that first-born children ingested
the highest concentration of chemical contaminants in breast milk, and that contaminant levels
decreased during lactation, such that younger children received lower doses than older siblings."*’
While it is widely recognized that breast milk provides overall enhancement of infant health and
development, the potential effects of even minute amounts of chemical contaminants in breast
milk are of concern to pediatricians and child health researchers.'*'*

Figure 3. Flame retardants and children’s health.

Polybrominated diphenyl ethers (PBDEs) are used as flame retardants in
consumer products. Because many U.S. states and the federal
government require certain products to be flame-resistant, PBDEs have
become an important commercial product, with annual global sales of
about 70,000 metric tons."” Total PBDE levels have increased in human
blood, breast milk, and tissues by a factor of about 100 over the last 30
years, with a doubling time of about five years.'* This same trend is
seen in marine mammals throughout the world.

Animal studies have demonstrated a striking array of toxic effects
associated with exposure to PBDEs. Single exposures to animals shortly
after birth induce permanent impairment of motor behavior in
adulthood.'*® Repeated exposures produce neurotoxicity, endocrine
disruption (e.g., decreased thyroid hormone levels), immunotoxicity, and
other effects."**'* Some of the neurotoxic effects of PBDEs appear
comparable to those of polychlorinated biphenyls (PCBs), which were
finally phased out of use by most countries of the Organization for
Economic Cooperation and Development (OECD) in 1989.'**
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Some portion of childhood asthma, certain cancers, and neurodevelopmental
disorders is linked to chemical exposures.

Establishing a link between chemical exposures and disease trends is difficult given the set of
epidemiological and toxicological tools currently available."” Nevertheless, there is evidence
that chemical exposures play a role in certain diseases among children in the U.S."* Landrigan
et al. estimate that chemical exposures in air, food, water, and communities contribute to 100%
of lead poisoning, 10% to 35% of asthma, 2% to 10% of certain cancers, and 5% to 20% of
neurobehavioral disorders among children.'” These chronic conditions of multifactorial origin
have been termed the “new pediatric morbidity.”

The prevalence of asthma among children approximately doubled between 1980 and 1995, from
about 4% to 8%.'" Between 1994 and 1996, asthma caused U.S. children to miss 14 million
days of school. The National Academy of Sciences reported in 2000 that, although data are
limited, there is evidence suggesting that indoor air pollutants such as volatile organic
compounds, plasticizers, nitrogen dioxide, and pesticides may play a role in childhood asthma.""
A 2005 study of 14,000 children reported a dose-response relationship between childhood
wheezing and pre-natal exposure to chemical consumer products.'*

The prevalence of childhood cancers, including leukemias (acute lymphoblastic and acute
myeloid), central nervous system tumors, lymphomas (Hodgkin’s lymphoma, non-Hodgkin’s
lymphoma), thyroid carcinoma, and malignant melanoma, appears to have stabilized since 1990
after steady increases since 1975.' In absolute numbers, childhood cancer deaths have declined
since 1975, largely due to improvements in treatment.'>

Between 3% and 8% of infants born each year in the U.S. are—or will be—affected by
neurodevelopmental disorders, including autism, mental retardation or attention-
deficit/hyperactivity disorder (ADHD).'"® The causes of these disorders are unknown in the great
majority of cases. It is well-established, however, that at low levels certain industrial
chemicals—such as lead, methylmercury, PCBs, and others—disrupt the developing brain and
nervous system.

4.1.3 Consumers

The Data Gap and the Safety Gap are reflected in the fact that there is very little information
about chemicals in consumer and commercial products, and there are very few restrictions on the
kinds of chemicals that can be used in these products. Some chemicals that are known to be
hazardous therefore continue to be used in consumer products; however, for the great majority of
chemicals used in millions of pounds of products sold in California, the toxicity and ecotoxicity
are unknown. The chemical consumer market is distorted by the fact that there are no
criteria—and there is no simple labeling system—that would enable consumers and small-
business owners to identify and choose chemical products on the basis of toxicity or ecotoxicity.
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Manufacturers are not required to test the safety of chemicals used in consumer
products.

Manufacturers of chemical consumer products are not required to evaluate and disclose the
toxicity and ecotoxicity of their products before placing them on the market. The California Air
Resources Board (ARB) reports that 164 million pounds of chemical consumer and commercial
products are sold in California each day (Appendix B)."”> '** Because chemicals in consumer and
commercial products are typically released from their container in close proximity to the user,
the likelihood of exposure is high. The