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Abstract: A number of reports have been published regarding the applicability of existing reg-
ulatory frameworks to protect consumers and the environment from potentially adverse effects
related to introduction of nanomaterials into commerce in the United States and the European

Union.

However, a detailed comparison of the regulatory approaches to worker safety and

health in the USA and in the EU is lacking. This report aims to fill this gap by reviewing
regulatory frameworks designed to protect workers and their possible application to nanotech-

nology.
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United States

In the United States (US), the Occupational Safety
and Health Act of 1970 (OSHACct) serves as the primary
national framework for protecting workers from injury
and illness at work!). Occupational requirements are
also included in other national chemical safety legisla-
tion in the US, such as in the Toxic Substances Control
Act (TSCA) and the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). Current applications of these
US national laws to nanotechnology and nanomaterials
are described in the following sections.

OSHAct and Federal OSHA
On December 29, 1970, President Nixon signed into

*To whom correspondence should be addressed.

E-mail: vmurashov@cdc.gov

Disclaimer: The findings and conclusions in this report are those of
the authors and do not necessarily represent the views of the National
Institute for Occupational Safety and Health, Centers for Disease
Control and Prevention, U.S. Department of Health and Human
Services.

Nanotechnology, Nanomaterials, Occupational safety, Regulation, Risk management,

law the OSHAct. Congress enacted the OSHAct in
order “to assure so far as possible every working man
and woman in the Nation safe and healthful working
conditions”® and imposed on the Secretary of Labor the
responsibility of implementing the OSHAct (see Table).
To carry out his responsibilities, the Secretary adminis-
tratively established on April 28, 1971 the Occupational
Safety and Health Administration (OSHA). OSHA is
responsible for promulgation and enforcement of nation-
al occupational safety and health standards and regula-
tions. The OSHAct established the National Institute
for Occupational Safety and Health (NIOSH) and placed
it in the US Department of Health and Human Services.
NIOSH carries out scientific research in the area of
occupational safety and health and makes recommen-
dations for the prevention of work-related injury and
illness®. For the purposes of an emerging technology
like nanotechnology, Congress envisioned that NIOSH
would “... also conduct special research, experiments,
and demonstrations relating to occupational safety and
health as are necessary to explore new problems, includ-
ing those created by new technology in occupational
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safety and health ...”». Thus, Congress tasked NIOSH
to generate data to support health standards for emerg-
ing technologies for OSHA’s standards development
effort or to serve as an authoritative recommendation by
NIOSH itself.

Congress granted the Secretary of Labor the power to
adopt occupational safety and health standards through
rulemaking procedures applicable to all US regulatory
agencies (US Administrative Procedures Act)¥, and to
require employers covered by those standards to comply
with those standards or face civil and criminal sanctions.
Congress provided a broad delegation of authority to the
Secretary when it defined an occupational safety and
health standard as “reasonably necessary and appropri-
ate to provide safe or healthful employment and places
of employment™®. In adopting a standard that protects
workers against toxic materials or harmful physical
agents, Congress requires OSHA to set a standard “that
most adequately assures, to the extent feasible, on the
basis of the best available evidence, that no employee
will suffer material impairment of health or functional
capacity even if such an employee has regular exposure
to the hazard ... for the period of his working life”?.

OSHA promulgated the majority of its existing occu-
pational safety and health standards for toxic chemi-
cal and physical agents, including carcinogens, during
the 1970s. Beginning in the early 1980s, the pace of
standards development by OSHA slowed due largely
to various new requirements added by the Congress,
Federal courts and the executive branch to the Federal
rulemaking process. By the mid-1990s, the OSHA
standards adoption process was described as “ossified”.
Even though OSHA made an attempt in the late 1980s
to update scores of out-of-date permissible exposure
limits (PELs) first adopted by OSHA in 1972, OSHA’s
Air Contaminants Standard was rejected by the Eleventh
Circuit Court of Appeals®. The vast majority of OSHA
PELs are now considered obsolete and not appropri-
ate for protecting workers in the 21st century. OSHA’s
“under-regulation” problem has been attributed to the
agency’s inclination to “over-regulate” when it does
promulgate a health standard”). Regardless of cause or
causes, the slow pace of OSHA standards adoption has
left workers in both traditional and emerging industries
unprotected!- ).

Congress envisioned that OSHA would develop occu-
pational health standards by first determining if the haz-
ard posed a risk of “material impairment”, then follow-
ing the straightforward “notice and comment” rulemak-
ing requirements laid out in the U.S. Administrative
Procedures Act?, making sure to determine if the
proposed standard is feasible technically, i.e. capable
of being done. An OSHA standard does not have to be

feasible economically for every member of a particular
industry, but can be “infeasible” if it bankrupts an entire
industry. Even though OSHA has had periods in which
several health standards were successfully adopted (e.g.,
in the early and late 1990s), overall production of new
PELs and health standards since 1980 has been slow
and coincides with new requirements being added to
Federal rulemaking by all three branches of the US
government: the Congress, the courts and the president.

Congress

Congress has enacted several rulemaking require-
ments that greatly add more complexity to the standards
adoption process”. In addition to the 1980 Regulatory
Flexibility Act (RFA)!?), which requires federal agencies
to conduct a regulatory flexibility analysis when pro-
posing a standard that could have significant economic
impact on a substantial number of small businesses,
organizations, or state or local governments, in 1996, the
RFA was significantly amended by the Small Business
Regulatory Enforcement and Fairness Act (SBREFA)!'D.
These two laws add significantly to the time it takes
any Federal agency to adopt a new standard or regula-
tion. In 1995, Congress went still further and enacted
the Congressional Review Act!'?. The CRA permits
Congress to review every new federal regulation issued
by a federal agency, and, by a joint resolution, to nulli-
fy the standard. In 2001, OSHA’s ergonomics standard
was the first (and, thus far, the only) standard to be
overruled by Congress using the CRA. Once nullified,
OSHA may not issue another ergonomics standard that
is “substantially similar” to the version the Congress
overturned without its express permission'?).

Courts

Since the OSHAct gives aggrieved parties the right
to challenge OSHA rulemaking in court, nearly every
OSHA health standard has undergone judicial review.
During the judicial review of OSHA standards, federal
courts have added more requirements to the standards
adoption process. For instance, in its 1980 Benzene
decision, the US Supreme Court imposed a new quan-
titative threshold requirement for adopting an OSHA
health standard'®. Before adopting a health standard,
OSHA must determine if a workplace is unsafe “in the
sense that significant risks are present”!?). The Court
specified a risk of 1 in 1,000 as significant. As a
result of Benzene, OSHA has had to perform a specific
risk assessment for every new toxic agent for which it
intends to set a PEL which is a time and resource-inten-
sive process. OSHA’s 1989 PEL update of some 400
out-of-date PELs was overruled by the court because
OSHA had failed to demonstrate separately that each
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PEL reduced a significant risk to worker health®.

President

Each presidential administration since Reagan added
procedural requirements to the Federal agencies’ stan-
dards adoption process by Executive Order. Beginning
in 1981, Executive Order 12291 required agencies to
prepare a regulatory impact analysis for standards that
will result in an annual effect on the economy of $100
million or more!®. In 1985, Executive Order 12498
required federal agencies to publish an annual regulatory
agendals). In 1993, President Clinton’s Executive Order
12866 replaced Executive Orders 12291 and 12498 and
now requires agencies to assess the costs and benefits
of various regulatory approaches and select the one that
maximizes the net benefits to society!®). Other Orders
have added still more to the rulemaking timeline.

These, and other, additional rulemaking requirements
have greatly slowed standards adoption since there
were many more steps to satisfy before an occupational
safety and health standard became law. In this decade,
for instance, the pace of new health standards adop-
tion has nearly grounded to a halt. Only one occupa-
tional health standard (for hexavalent chromium) was
adopted by OSHA in the first decade of the 21st cen-
tury!?. Currently, the only PELs that OSHA has for
specific manufactured nanomaterials are the PELs for
carbon black, which is 3.5 mg/m3, and synthetic graph-
ite, which is 15 mg/m318). However, these PELs were
adopted long before awareness that these substances
were indeed nanomaterials. OSHA has not indicated
any regulatory interest in nanotechnology to date.

The National Institute for Occupational Safety and
Health (NIOSH) is mandated by the Occupational
Safety and Health Act (1970) to develop recommended
health and safety standards which “...describe exposure
levels that are safe for various periods of employment,
including but not limited to the exposure levels at which
no employee will suffer impaired health or functional
capacity or diminished life expectancy as a result of
his work experience”®. To date, NIOSH has issued
approximately 700 recommended exposure limits (RELSs)
none of which explicitly target nanomaterials. However,
NIOSH is currently working on nanomaterial specific
RELs for titanium dioxide and carbon nanotubes?.
Another aspect of NIOSH authority related to nanoma-
terials involves respiratory certification and recommen-
dations. NIOSH has promulgated a set of regulations
for testing and certifying nonpowered, air purifying
particulate respirators in 42 CFR 84!9. NIOSH also
conducted research on the effectiveness of respirators to
filter nanoparticles and has recommended NO95 respira-
tors for such purposes2?.
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State Plans

The OSHAct’s Section 18 encourages States to devel-
op and operate their own occupational safety and health
programs?. Under this authority, OSHA approves and
monitors state plans. Twenty-seven states have their
own occupational safety and health plan with four
states, and the Virgin Islands, covering public sector
employment only2D).

Under such plans, states must set job safety and
health standards that are “at least as effective as”
comparable federal standards. They also must con-
duct inspections to enforce its standards, cover public
employees and operate occupational safety and health
training and education programs. Even though partici-
pating states have the option to promulgate standards
covering hazards not addressed by Federal standards,
most states adopted standards identical to Federal ones.
It was proposed that “states or localities may choose
to adopt standards that are expert driven, such as the
nanotechnology workplace standards being developed
by ASTM International, the International Organization
for Standardization (ISO), or other standards bodies”??),
but thus far, state plan states have not exercised their
authorities to develop occupational safety and health
standards for engineered nanomaterials.

Proposed Multi-Stakeholder Partnership

In 2004, NIOSH initiated a program to study nano-
technology implications in the workplace and published
pioneering studies on toxicology of nanomaterials,
workplace exposures and effectiveness of respirators to
protect against exposure to nanoparticles?®). The pro-
gram was proposed to be expanded into a nation-wide
partnership!).

The difficulties inherent in the current process for
adopting standards to protect workers from toxic agents
with well-known risk profiles suggest that an innova-
tive way is needed to protect workers from the possible
risks of nanotechnology before workers suffer permanent
harm like those arising from asbestos whose risks were
ignored early in its industrial lifespan®®). To meet the
challenge of protecting workers so that “no employee
will suffer material impairment of health”, a National
Nanotechnology Partnership (NNP) was proposed. NNP
would generate knowledge about the nature and extent
of worker risk, utilize that knowledge to develop risk
control strategies to protect nanotechnology workers
now, and provide an evidence base for NIOSH recom-
mendations to OSHA for a nanotechnology program
standard at a future date!). The NNP could utilize a
number of different resources to develop risk manage-
ment strategies to protect workers and help achieve nan-
otechnology’s promise. These resources include existing
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occupational safety and health standards, NIOSH labora-
tory and field research resources, together with partner-
ship contributions from nanotech industry manufacturers
and downstream users, workers, academic researchers
and safety and health practitioners.

The aims of the National Nanotechnology Partnership
(NNP) would include: (1) protecting workers by encour-
aging implementation of prudent exposure mitigation
measures; (2) promoting nanotechnology risk assessment
and risk management research; (3) collecting and shar-
ing exposure information among nanotechnology work-
places; (4) identifying and studying the use of various
candidate occupational risk management practices; and
(5) developing the evidence base to provide protection
for workers now and for NIOSH recommendations for a
nanotechnology program standard at a future date.

The NNP would develop a proactive risk manage-
ment program that would provide for controls based
on emerging risk assessment information?) and be
based on models similar to OSHA Voluntary Protection
Program and NIOSH’s existing industry-labor-govern-
ment partnerships. In many of NIOSH’s existing part-
nerships, some involving a regulatory agency like the
Mine Safety and Health Administration or MSHA, the
regulatory agency participates only by invitation as an
observer and not as a partner. This encourages employ-
er participation at the earliest stage of risk knowledge
generation when a regulatory focus may be counterpro-
ductive. Leading role of NIOSH in NNP and its acting
as the data repository would also address possible nano-
materials industry employers concerns that participation
in collaborative research activities with OSHA might
create regulatory liability.

Without nanomaterial industry employer commitment,
there cannot be effective partnership. Similarly, there
can be no effective partnership without direct worker
participation. Importantly, strong efforts need to be
made to identify and include in the partnership small
to medium-size companies who are developing start-up
operations. These types of companies are least likely
to participate in a voluntary partnership but may con-
tain the greatest risks to workers. Incentives to join the
NNP could be placed in legislation, as well as specific
appropriations, to ensure its success. Mandatory data-
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reporting could be included in such legislation with pro-
tections for trade secret information20).

Federal Government OSH Exclusive of OSHA

The Presidential Executive Order 12196 “Occupational
safety and health programs for Federal employees”
of February 26, 1980 instructs heads of federal gov-
ernment agencies to maintain an effective safety and
health program that meets the same standard as private
employers?”). But federal agencies cannot be fined for
violating health and safety standards, except for the U.S.
Postal Service, which now falls directly under OSHA’s
jurisdiction and is treated as a private employer. The U.S.
Department of Energy (DOE) is one of Federal govern-
ment agencies that established its own OSH regulations
and has been one of the more pro-active agencies in
regards to occupational safety and health of nanotech-
nology.

Under the Atomic Energy Act of 1954 and subse-
quent reorganization acts the U.S. Department of Energy
has authority to develop regulations governing occupa-
tional safety and health of its employees and contrac-
tors (see Table 1)2®. In 2006 DOE published 10 CFR
851 Worker Safety and Health Program in the Federal
Register?”). The 10 CFR 851 establishes the framework
for DOE’s non-radiological worker safety and health
programs just as the Occupational Safety and Health
Administration does for the private industry. It provides
DOE contractor workers with safe and healthful work-
places in which hazards are abated, controlled, or oth-
erwise mitigated in a manner that provides reasonable
assurance that workers are protected from the hazards
associated with their jobs. To accomplish this objective,
the 10 CFR 851 establishes management responsibilities,
workers rights, required safety and health standards, and
training on the hazards of their jobs as well as how to
control the hazards.

In regards to nanotechnology, the U.S. Department
of Energy first published “Approach to Nanomaterials
ES&H” guidance document in 20073%. This guidance
document formed a basis for a Notice of January 5,
2009, which offers “reasonable guidance for managing
the uncertainty associated with nanomaterials whose
hazards have not been determined and reducing to an

Table 1. Major US and EU legislations with occupational components

Legislation focus us

EU

Occupational safety
42U.S.C.§2011%®

29 U.S.C. §§ 651-678%

Directive 89/391/EEC47)

Chemical safety

15U.S. C. § 2601 et seq’?

Council Regulation 1907/2006'00)

Pesticide safety

7 U.S. C. § 136 et seq*?

Directive 98/8/EC104)
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acceptable level the risk of worker injury, worker ill-
health and negative environmental impacts” in DOE lab-
oratories3!). The Notice provides for safe handling of
unbound engineered nanoparticles (UNP) and requires
registries of all nanomaterial workers by requiring
establishment of safety and health policies and proce-
dures for activities involving UNP as part of the DOE-
approved Worker Safety and Health Program document.
Specifically, the Notice requires to

1) maintain inventories of nanotechnology activities
involving UNP at DOE sites;

2) maintain registries of all personnel designated as
nanomaterial workers;

3) provide all nanomaterial workers and their super-
visors with training specific to nanotechnology
activities;

4) conduct exposure assessment and establish air
monitoring program for UNP based on preliminary
exposure assessments;

5) offer baseline medical evaluations to all nanomate-
rial workers including general physical exam, pul-
monary function test, and general blood work;

6) control exposures to UNP using a risk-based grad-
ed approach;

7) post signs indicating hazards and exposure mitiga-
tion requirements;

8) have a documented procedure for managing UNP
waste.

Chemical safety regulations
TSCA

Toxic Substances Control Act (TSCA) provides broad
statutory basis for safe manufacturing, processing and
use of chemical substances and mixtures defined as “any
organic or inorganic substance of a particular molecular
identity” (TSCA section 3(2)(A))3?. Its main criteria
for regulation are determination that the substance[s] “may
present an unreasonable risk” and “may cause serious
health effects”. There are three major obstacles that
make it difficult for EPA to take actions under TSCA3?,
First, the technical standard of judicial review in the
act is “supported by substantial evidence in the rule-
making record” (TSCA 19(c)(B)(1))*?. Second, TSCA
implicitly suggests that no knowledge about a chemical
assumes that there is no risk33). For example, section
5(e) states that if EPA does not have enough informa-
tion “to permit a reasoned evaluation of the health and
environmental effects of a chemical”, it can delay or
prohibit its manufacture only if it can show that the
chemical “may present an unreasonable risk”. Third,
TSCA is premised on the balancing the risks and ben-
efits (see e.g. TSCA section 6(c)(1)) and requires that a
proposed regulation be the “least burdensome” regula-
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tion33: 39,

Under the section 5(a)(2) of TSCA describing
Significant New Use Rule and 5(e) describing Orders,
EPA has the authority to require implementation of
exposure mitigation measures in the workplace. EPA
has been utilizing its authorities and expanding regu-
lation of new chemical substances in the workplace.
In regards to nanomaterials, in November, 2008 EPA
announced application of Significant New Use Rule
(SNUR) to siloxane modified silica and alumina
nanoparticles®. Specifically it stated that “EPA has
determined, however, that use without impervious gloves
or a NIOSH-approved respirator with an [Assigned
Protection Factor] of at least 10; the manufacture, pro-
cess, or use of the substance[s] as a powder; or uses of
the substance[s] other than as described in the PMN[s]
may cause serious health effects3).

Also in 2008, EPA clarified what it considers a new
chemical under TSCA: “A nanoscale substance might
not have a non-nanoscale counterpart with the same
molecular identity (e.g., nanotubes and carbon fuller-
enes), or a substance might be found in both nanoscale
and non-nanoscale forms, but if the substance has not
been reported previously to EPA and placed on the
Inventory in either form, it is considered a new chemi-
cal”®. It emphasized again through a Federal Register
notice in 2008 that it “generally considers CNTs to be
chemical substances distinct from graphite or other allo-
tropes of carbon listed on the TSCA Inventory™”). In
2009, EPA announced initiating rulemaking under sec-
tion 5(a)(2) of TSCA to require protective measures to
limit exposure or otherwise mitigate the potential unrea-
sonable risk presented by two carbon nanotube chemical
structures (P-08-177 and P-08-328)3%). On November
6, 2009, the U.S. Environmental Protection Agency
(EPA) proposed Significant New Use Rules under
Section 5(a)(2) of the Toxic Substances Control Act for
two chemical substances that were the subject of pre-
manufacture notices’”. EPA identified the substances
generically as multi-walled carbon nanotubes and single-
walled carbon nanotubes. According to the notice, these
substances are subject to TSCA Section 5(e) consent
orders issued by EPA. The consent orders require pro-
tective measures to limit exposures or otherwise mitigate
the potential unreasonable risk. The proposed SNURs
are based on and consistent with the provisions in the
underlying consent orders, and designate as a significant
new use the absence of the protective measures required
in the corresponding consent orders. Persons who
intend to manufacture, import, or process either of these
two substances for an activity that is designated as a
significant new use would be required by the proposed
rule to notify EPA at least 90 d before commencing that
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activity. The required notification would provide EPA
with the opportunity to evaluate the intended use and,
if necessary, to prohibit or limit that activity before it
occurs.

FIFRA

The Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) mandates that EPA regulates the use and
sale of pesticides to protect human health and preserve
the environment (see Table 1)*?. In making a regis-
tration decision, EPA must take into account the legal
standard set by FIFRA that new pesticide will present
“no unreasonable adverse effects on human health or
the environment™*?). Pesticide data submission requires,
among other data, information about worker exposure
and a copy of the proposed labeling, which contains
directions for use, storage and disposal, as well as
warnings, restrictions, and other information.

In addition, EPA exercised its FIFRA authorities
to develop a regulatory standard aimed specifically
at worker protection. The EPA’s Worker Protection
Standard for Agricultural Pesticides (WPS) is a regula-
tion aimed at reducing the risk of pesticide poisonings
and injuries among agricultural workers and pesti-
cide handlers. It regulates employment conditions of
approximately 2.5 million agricultural workers (people
involved in the production of agricultural plants) and
pesticide handlers (people who mix, load, or apply pes-
ticides) that work at over 600,000 agricultural establish-
ments. The WPS contains requirements for pesticide
safety training, notification of pesticide applications, use
of personal protective equipment, restricted-entry inter-
vals after pesticide application, decontamination sup-
plies, and emergency medical assistance*!).

EPA has been monitoring pesticidal claims made
for nanotechnology based products as it would for any
other chemical-based products.

In the September 21, 2007 Federal Register notice
EPA stated that any company marketing a product
using silver nanoparticles to kill bacteria must provide
scientific evidence that particles do not pose unreason-
able environmental risk*?. On March 7, 2008, an EPA
regional office fined $208K ATEN Technology/IOGEAR
for “selling unregistered pesticides and making unprov-
en claims about their effectiveness” in the form of a
“nanoshield” coating on mouse and keyboard. Most
recently, on November 3-5, 2009, the FIFRA Scientific
Advisory Panel (SAP) met “to consider and review a set
of scientific issues related to the assessment of hazard
and exposure associated with nanosilver and other nano-
metal pesticide products™?. The discussions covered
occupational exposures to nanomaterial pesticides.

States

Similar to occupational safety legislation, Congress
gave authorities to individual states to implement federal
chemical safety laws as long as states agree to meet
minimum federal regulatory standards for oversight and
enforcement. Presently, there are no states with laws
similar to TSCA and, therefore, no state has imple-
mented legislative authority to take TSCA enforcement
actions. Specific areas of shared responsibility include
clean air, clean water and waste disposal and cleanup.
Some states started to explore application of their
authorities in these areas of responsibility to provide
oversight for nanomaterial safety?2).

On 22 January, 2009 the Director of California
Environmental Protection Agency’s Department of Toxic
Substances (DTSC) Control sent a letter to over two
dozen universities and companies that manufacture or
import carbon nanotubes into California**). The let-
ter announced that DTSC was exercising its authority
under California Health and Safety Code, Chapter 699,
sections 57018-57020 and was “requiring information
regarding analytical test methods, fate and transport in
the environment, and other relevant information from
manufacturers of carbon nanotubes”. Specific questions
included those of relevance to the workplace safety:

e What is the value chain for your company? For
example, in what products are your carbon nano-
tubes used by others? In what quantities? Who are
your major customers?

* What sampling, detection and measurement meth-
ods are you using to monitor (detect and measure)
the presence of your chemical in the workplace
and the environment? Provide a full description of
all required sampling, detection, measurement and
verification methodologies. Provide full QA/QC
protocol.

* What is your knowledge about the current and
projected presence of your chemical in the environ-
ment that results from manufacturing, distribution,
use, and end-of-life disposal?

* What is your knowledge about the safety of your
chemical in terms of occupational safety, public
health and the environment?

* What methods are you using to protect workers in
the research, development and manufacturing envi-
ronment?

e When released, does your material constitute a
hazardous waste under California Health & Safety
Code provisions? Are discarded off-spec materials
a hazardous waste? Once discarded are the carbon
nanotubes you produce a hazardous waste? What
are your waste handling practices for carbon nano-
tubes?
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Recipients were given 365 d to respond. By the dead-
line, DTSC received 16 responses and seven of those
from companies and the rest from government-affiliated
research labs and universities. Eight organizations
missed the deadline.

European Community

The main driver behind the creation of the European
Union was to establish a common market, a customs
union and common policies. Thus, signatories of the
Treaty establishing a European Economic Community
in 1957 “decided to ensure the economic and social
progress of their countries by common action in elimi-
nating the barriers which divide Europe™*Y. Similar to
the United States, workplace safety and health in the
European Union is ensured through targeted occupation-
al regulations as well as through workplace-related arti-
cles within chemical safety regulations such as REACH,
which are implemented at both community and member-
state levels.

OSH directives
European Community

Article 1II-210 of the European Constitution*® states
that the Community’s objective is to support and com-
plement the activities of the Member States in the fields
of social security and justice, improvement in the work-
ing environment to protect workers’ health and safety,
the information and consultation of workers, representa-
tion and collective defense of worker interests. Based
on this article, a wide variety of Community measures
in the field of safety and health at work have been
adopted and include directives and standards. European
directives are legally binding and have to be transposed
into national laws by the Member States. As these
Directives introduce minimum requirements, national
authorities have the possibility to introduce more strin-
gent rules. The European Agency for Safety and Health
at Work (EU-OSHA) located in Bilbao, Spain was
formed in 1996 to inform, coordinate, and monitor cur-
rent national and European regulatory efforts in their
respective areas of work, while Member States have
enforcing authorities to implement the relevant EU regu-
latory frameworks.

The OSH Framework Directive 89/391/EEC*7 with
its wide scope of application is the cornerstone of
European safety and health legislation. Additional
directives on specific safety and health issues set out
minimum requirements and fundamental principles, such
as the principle of prevention and risk assessment, as
well as the responsibilities of employers and employees.
Those include:
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1) Workplaces, equipment, signs, personal protective
equipment (Directives 89/655/EEC, 92/58/EEC, 89/656/
EEC, 1999/92/EC, 89/654/EEC)*3-52);

2) Exposure to chemical agents and chemical safety
(Directives 98/24/EC, 83/477/EEC, 2006/15/EC,
2004/37/EC, 91/322/EEC, 2000/39/EC)>3-39);

3) Exposure to physical hazards (Directives 2006/25/
EC, 2003/10/EC, 2002/44/EC, 96/29/Euratom, 2004/40/
EC)59_63);

4) Exposure to biological agents (Directive 2000/54/
EC)64);

5) Provisions on workload, ergonomical and psychoso-
cial risks (Directives 90/270/EEC, 90/269/EEC)%3: 60);

6) Sector specific and worker related provisions (Directives
92/104/EEC, 91/383/EEC, 94/33/EC, 92/85/EEC, 93/103/
EC, 92/91/EEC, 92/29/EEC, 92/57/EEC)%7-73),

These directives follow a similar structure requiring
the employer to assess the workplace risks and put in
place preventive measures based on a hierarchy of con-
trol. This hierarchy starts with elimination of the haz-
ard and ends with personal protective equipment.

Standardization needs to meet occupational safety and
health requirements of individual European Community
directives are addressed by the European Committee for
Standardization (CEN), which is a non-profit organiza-
tion developing voluntary standards and the only rec-
ognized European organization according to Directive
98/34/EC for the planning, drafting and adoption of
European Standards’® in all areas of economic activity
with the exception of electrotechnology (CENELEC)
and telecommunication (ETSI). Standardization of indi-
vidual protective products is handled by the Personal
Protective Equipment (PPE) sector, whereas standard-
ization of collective protection of workers is handled
in CEN by the Occupational Health and Safety sector.
The CEN Strategic Advisory Body for Occupational
Health and Safety coordinates all relevant activities
within CEN and gives advice to all technical commit-
tees on OH&S-related aspects.

A number of reports (for example, by the European
Commission, EU-OSHA European Risk Observatory
and UK Royal Institute of International Affairs) has
been published on the applicability of present regula-
tion within EU to nanotechnology and nanomateri-
als”™~ 77, 1t is recognized that at present regulations
regarding occupational safety and health of nanotechnol-
ogy and nanomaterials in Europe are based on existing
laws and regulations. According to the information
given in the Communication “Regulatory Aspects of
Nanomaterials”’>) the Framework Directive 89/391/
EEC applies to all substances including nanomaterials
and work activities including manufacturing and use
of nanomaterials at all levels of the production pro-
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cess, regardless of the number of workers involved and
quantities of materials produced or technologies used.
Employers, therefore, must carry out a risk assessment
and, where a risk is identified, take measures to elimi-
nate this risk. The planning and introduction of new
technologies must be subject to consultation with the
workers or their representatives, as regards the working
conditions and the working environment in accordance
with Articles 11 and 12 of the Framework Directive
89/391/EEC*7).

Individual directives including more specific provi-
sions in relation to particular aspects of safety and
health and workplace exposures also apply to nanotech-
nology and nanomaterials.

For example, Directive 98/24/EC on the protec-
tion of the health and safety of workers from the risks
related to chemical agents at work (Chemical Agents
Directive)’®) presents minimum requirements for the
protection of workers from risks to their safety and
health arising, or likely to arise, from the effects of
chemical agents that are present at the workplace or as
a result of any work activity involving chemical agents.
The text of the document includes employers’ obliga-
tions related to identification and assessment of risk due
to use of hazardous chemical agents, implementation of
prevention measures, provision of information and train-
ing of workers. There are also definitions of chemical
agents and hazardous chemical agents, but nanomaterials
are not mentioned specifically’”). The Chemical Agents
Directive also provides legal basis for EU Commission
Indicative Occupational Exposure Limit Values (IOELVs)
and Binding Occupational Exposure Limit Values
(BOELVs) for airborne chemicals that are “set to pro-
tect the health of workers in the European Union from
the ill-health effects of hazardous substances in the
workplace”. As of December 22, 2009, there are 103
IOELVs and 10 BOELVs and none of them is specifi-
cally for a nanomaterial (available from http://ec.europa.
eu/social/).

United Kingdom

While European regulations establish minimum occu-
pational safety and health standards, Member States
translate them into country-specific national regulations
and enforce them.

In the UK, The Health and Safety at Work etc Act
(HSWA) 1974 established the framework for health
and safety regulation. It places an obligation upon all
employers to ensure, “so far as is reasonably practi-
cable, the health, safety and welfare of their employ-
ees” while at work and any other persons affected by
their business activities’¥. The European Framework
Directive covering general workplace safety and health

provisions (Articles 5(1) and 5(4) 89/391/EEC)*7
requires all employers “to ensure the safety and health
of workers in every aspect related to the work” with-
out economic feasibility considerations. The European
Court of Justice agreed with UK that the HSWA word-
ing including “so far as is reasonably practicable”, as
interpreted by the UK courts, achieves the aims of the
89/391/EEC articles”.

Under HSWA, health and safety legislation in the
form of Statutory Instruments (SI) is drawn up and
enforced by the Health and Safety Executive and local
authorities (the local council). The statutory instruments
implementing key European directives on workplace
health and safety came into force in Britain in 1992 and
became known as the “six pack”. These safety regula-
tions are:

1) The Management of Health and Safety at Work
Regulations 1999 (SI 1999/3242)80);

2) The Provision and Use of Work Equipment
Regulations 1998 (SI 1998/2306)81;

3) The Manual Handling Operations Regulations 1992 (SI
1992/2793)382);

4) The Workplace (Health, Safety and Welfare)
Regulations 1992 (SI 1992/3004)83;

5) The Personal Protective Equipment at Work
Regulations 1992 (SI 1992/2966)89;

6) The Health and Safety (Display Screen Equipment)
Regulations 1992 (SI 1992/2792)85).

The Health and Safety Executive also produces
Approved Codes of Practice to accompany the regula-
tions. Increasingly in the UK the regulatory trend is
away from prescriptive rules, and towards risk-based
approaches to protect workers3®). Recent major changes
to the laws governing asbestos and fire safety manage-
ment embrace the concept of risk assessment.

On April 1st, 2009 the Health and Safety Executive
announced the creation of the Chemicals Regulation
Directorate, which brings together HSE’s responsibilities
for regulatory science, operational policy and enforce-
ment for pesticides, biocides, detergents, and industrial
chemicals (REACH, Classification, Labelling and other
legislation)87).

Since 2004 HSE has published a number of guidance
documents for nanomaterials. Even though guidance is
not compulsory, following such would be considered as
enough to comply with the law. An HSE Information
Note on nanotechnology®® published in 2004 gives
information on the health and safety issues surrounding
some aspects of nanotechnology including consider-
ations for monitoring, control measures, personal protec-
tive equipment. In general as with other chemicals the
legislation dealing with the control of exposure to harm-
ful chemicals is the Control of Substances Hazardous to
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Health Regulations 200289 90),

In regards to risk management of carbon nanotubes,
another HSE guidance!) states that people who create
risk through work activities have a legal duty to under-
stand those risks, and make sure they are kept as low
as reasonably practicable. The principles of risk assess-
ment are well established and apply even though all the
necessary information on nanoparticles is not yet avail-
able. Although there is uncertainty about the risks of
exposure to CNTs, the regulatory response is to take a
precautionary approach. An assessment under COSHH
should be carried out for all work involving CNTs and
suitable and sufficient risk management measures put in
place.

Specific measures described in the guidance include:
- Avoid using carbon nanotubes.
- Use appropriate work processes, systems and engineer-
ing controls, and provide suitable work equipment and
materials to minimize the likelihood of release. This
means processes that minimize the amount of CNTs
produced, or production of CNTs in a form that reduces
the chance of them becoming airborne. Where possible,
use equipment that fully encloses the process.
- Control exposure at source by carrying out all tasks,
including packaging for disposal, in a ducted fume cup-
board with a HEPA filter, or by using other suitable
effective local exhaust ventilation (LEV) with a HEPA
filter. When using other types of LEV, try to enclose
the process as much as possible. HSE considers duct-
less fume cupboards and recirculating biological or
safety cabinets unsuitable for use with CNTs, because
these methods do not control exposure so that risks are
reduced as low as reasonably practicable.
- Make sure the LEV achieves and maintains adequate
control of exposure at all times. The system requires
regular maintenance, periodic monitoring to ensure con-
trols are working and thorough examination and testing
once a year (legally you are allowed 14 months between
tests). Make sure employees are trained in how to
check and use the LEV. Keep records of all the daily,
weekly and monthly LEV checks.
- Reduce the number of employees exposed, and mini-
mise:

 the level and duration of exposure;

e the quantities used;

e CNT handling.
- If possible, keep the material wet or damp to reduce
the risk of it becoming airborne.
- Provide respiratory protective equipment (RPE). This
is for emergencies, and only for use in addition to other
control measures. All employees who use RPE must be
trained and have had face fit testing. HSE recommends
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RPE with an assigned protection factor (APF) of 40 or
higher.

- Provide personal protective equipment (e.g. gloves,
coveralls). Use single use disposable gloves where
possible. If you must use latex, provide low protein
powder-free gloves. Provide protective clothing that
does not retain dust — do not use wool, cotton or knit-
ted material.

- Consider cleaning, maintenance, filter replacement,
storage and disposal in risk assessments for the control
of exposure to CNTs. Emergency procedures should
be in place to deal with spills, accidents and emergen-
cies?)).

Germany

Germany adjusted its Occupational Health and Safety
Act (“Arbeitsschutzgesetz”) to align with the EC direc-
tives in 199692, Similar to the UK legislation, eco-
nomic feasibility considerations are included in the
German Federal Occupational Health and Safety Act.
Specifically, under Section 4(1) employers shall “duly
consider ...[that] the work shall be so designed as to
ensure that hazards for the life an health of the worker
are avoided to the largest possible extent, and that
remaining hazards are minimized wherever possible™2).

In addition to the Federal Occupational Health and
Safety Act, German accident insurance institutions enact
occupational safety and health accident-prevention regu-
lations (referred to as “BG-Vorschriften” in German
and abbreviated to “BGV”) in the form of “autono-
mous bylaws”. Section 15 of the Seventh Volume of
Germany’s “Sozialgesetzbuch” grants them the powers
to do so®. BGVs must be approved by the Federal
Ministry of Economics and Labor or the highest federal-
state authority with responsibility for such matters. The
regulations prescribe binding technical, organizational
and personal measures, aimed at securing the safety and
health of employees at work, in the form of general
protection objectives. The “Durchfiihrungsanweisungen”
(implementing instructions) which have supplemented
the BGVs in the past contain specific examples of how
the protection objectives can be fulfilled. They also
explain the regulations and indicate the technical rules
to be applied. The accident insurance institutions are
currently preparing and, in some cases, conducting a
reform of the rules and regulations to bring the BGVs
in line with national legislative developments and to
make them easier to use and more effective.

The two regulatory responsibilities for occupational
safety and health give rise to two federal institutes con-
ducting research into occupational safety and health.
The Federal Institute for Occupational Safety and Health
(Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin/
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BAuA) is a public-law institution without legal capac-
ity based in Dortmund with branches in Berlin and
Dresden. As a federal authority it is directly responsible
to the Federal Ministry of Labour and Social Affairs.
In addition, the Institute for Occupational Safety
and Health of the German Social Accident Insurance
(IFA) in Sankt Augustin conducts occupational safety
and health research to support the German Accident
Insurers (institutions for statutory accident insurance
and prevention and social accident insurances) and their
organizations particularly in solving scientific and tech-
nical problems relating to safety and health protection
at work. Both agencies have been active in the field of
occupational safety and health of nanotechnology.

In the spring of 2006 the Federal Institute for
Occupational Safety and Health (BAuA) and the
German Chemical Industry Association (Verband der
Chemischen Industrie/VCI) conducted a joint survey
on occupational health and safety in the handling and
use of nanomaterials among VCI member companies.
The purpose of the survey was to obtain an overview
of occupational health and safety methods currently
applied in the chemical industry in activities involving
nanomaterials. Survey results were used to develop
“Guidance for Handling and Use of Nanomaterials at
the Workplace”, which contains recommendations and
operating instructions for the handling and use of nano-
materials in the chemical industry®®,

IFA conducted a risk assessment of nanoparticles in
the workplace and published a report on “Protective
measures against ultrafine aerosols and nanoparticles
at the workplace”™®. Main conclusions are “The stud-
ies conducted to date show that the protective measures
commonly taken against dusts are also effective against
ultrafine particles and nanoparticles. In the context of
risk assessment and the specification of protective mea-
sures, the priority of measures as set out in Section 9 of
the German regulation on hazardous substances (Gefahr
stoffverordnung)®® must be observed. ... All other obli-
gations under the Gefahrstoffverordnung, such as those
concerning the instruction of employees or occupational
medical check-ups, are not affected by the fact that a
substance is present in nanoparticulate form, but should
be observed as normal.

Other European countries

In addition to the United Kingdom and Germany,
France and Switzerland have announced regulatory
actions related to occupational safety and health of nan-
otechnology.

In France the High Public Health Council (Haut
Conseil de Santé Publique, HCSP) issued an Opinion
of January 9th, 2009 on the safety of workers exposed

to carbon nanotubes, in which it recommends to adopt
regulatory measures””). The measures include require-
ment that the production of carbon nanotubes and their
use in manufacturing intermediate products and consum-
er and health products is carried out under conditions
of strict containment in order to protect workers from
being exposed when these activities involve a risk of
aerosolisation and/or dispersion®”. In addition, through
an instruction dated February 18th, 2008 the General
Directorate for Labour (Direction Générale du Travail)
reminded its units throughout the country of the leg-
islation governing the prevention of occupational risks
arising from exposure to chemical substances containing
nanoscale particles. Regarding the national legislation
applicable to nanomaterials, it was emphasized that risk
prevention in this field does not lie outside the scope of
the regulations of the Labour Code, the provisions of
which cover at the very least chemical risk prevention
and possibly the special provisions applicable to CMR
category 1 and 2 agents if the substance falls within
their scope of application”®.

In December 2008, the Swiss Federal Office
for Public Health and the Federal Office for the
Environment published the initial version of the precau-
tionary matrix for synthetic nanomaterials, which will
be updated on a regular basis to include new scientific
knowledge®®. The matrix is a screening tool based on
a control-banding approach to estimate the “nanospecific
potential risk” of synthetic nanomaterials and of their
applications for workers, consumers and the environ-
ment, based on parameters such as stability, reactivity
and exposure or emission to the environment of nano-
materials. Risk potential is classified and matched with
appropriate measures to protect health and the environ-
ment. This risk management tool is provided to the
industry to be implemented voluntarily as part of the
first phase in a national plan to create regulatory frame-
work conditions for the responsible handling of syn-
thetic nanomaterials.

Chemical safety

The European Union Registration, Evaluation,
Authorization and restriction of Chemicals (REACH)
regulation is the corner-stone of the new EU-wide chem-
icals legislation, which came into force on June 1, 2007
(see Table 1)'90. Under the REACH system, enterprises
must register a chemical substance in a central database
should they wish to produce this substance or import it
into the EU in quantities of 1 metric ton per annum or
Registration process requires submission of risk
assessment and risk management data including infor-
mation on exposure, classification and labeling, guid-
ance on safe use such as handling and storage, exposure

over.
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control/personal protection as described in Annex VI
of the regulation. Therefore, primary responsibility for
specifying appropriate exposure mitigation measures at
the point of use is placed on manufacturers or import-
ers, while users of chemicals are required to implement
such control measures.

The requirement to demonstrate that the chemical
does not adversely affect human health includes deriva-
tion of the so-called Derived No Effect Levels (DNELSs)
which are defined as “the level of exposure above
which humans should not be exposed”. Thus, DNEL
is a benchmark rather than health-based exposure limit
in that it is used in the risk characterization part of the
Chemical Safety Assessment as a benchmark to deter-
mine adequate control (Risk Management Measures)
for specified exposure scenarios. Risk to humans can
be considered to be adequately controlled if the expo-
sure levels estimated do not exceed the appropriate
DNEL. REACH specifies that industry must derive
DNELs using recommended guidance, based upon the
likely population exposed (e.g. workers, consumers),
route(s) of exposure (e.g. inhalation, dermal, ingestion),
and duration of exposure (e.g. long-term or acute). The
calculation of DNELs follows a rule-based approach
in which a series of standardized assessment factors
are applied to the toxicological endpoints to allow for
uncertainties and inter-/intra-species differences. Where
data gaps exist, default assessment factors are used
instead of expert judgments as with health-based OELs.
Based on REACH guidance!®V), only EU Commission
Indicative Occupational Exposure Limits can be used
as DNELs and only for the same exposure route and
duration, unless new scientific information does not
support the use of the IOEL for this purpose. REACH
also requires that DNELs, exposure scenarios and Risk
Management Measures appear on REACH Safety Data
Sheet for a substance or product.

Unlike OSH-specific regulations in EU described
in the previous section, which are based on establish-
ing minimum standards and which are implemented by
member states, REACH is a direct-acting regulation, not
requiring national implementation!9?). This feature of
REACH brings European regulation landscape closer to
that in the United States.

In regards to nanomaterials, European regulations
are based at present on existing laws and regulations
applicable to chemicals’”. According to the informa-
tion given in the Communication “Regulatory Aspects
of Nanomaterials” all manufactured nanomaterials must
meet the requirements of REACH”. Although there
are no provisions in REACH referring explicitly to
nanomaterials, they are included by the definition of
a “substance”. The principal objective of the direc-
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tive is to ensure a high level of relevant protection of
human health and the environment. Until REACH
is fully implemented, the notification scheme under
the Dangerous Substances Directive (67/548/EEC)!03)
applies for new substances and notified substances with
significant new uses.

The European Directive 98/8/EC on Biocidal
Products'% provides a framework of rules that apply
to the marketing of biocidal (including nanomaterials)
substances and products, which are defined as any sub-
stance which is used to control or kill harmful organ-
isms, such as bacteria, fungi, moulds and yeasts. The
directive is intended to provide a high level of protec-
tion for humans including workers, animals and the
environment against results of use of biocidal substanc-
es. Specifically, Article 5.1(b) requires that Member
states shall authorize a biocidal product only if it is
established that the biocidal product has no unaccept-
able effects on humans directly or indirectly through
consequences in the place of work. This directive fully
applies to biocidal products based on nanomaterial.

Additional environmental regulation relevant to nano-
technology occupational safety and health is the control
of major accident hazards involving dangerous substanc-
es outlined in the Seveso II Directive (96/82/EC)!0%).
The Seveso II Directive applies to establishments where
named dangerous substances (or substances falling with-
in certain classification categories) are present above
specific quantities (or thresholds). It imposes a general
obligation on operators to take all measures necessary to
prevent major accidents and to limit their consequences
for humans and the environment. If certain nanomateri-
als are found to demonstrate a major accident hazard,
they may be categorized, together with appropriate
thresholds, in the context of the Directive.

It was also concluded that the sub-statutory body
of rules (e.g. Technical Guidance Documents, REACH
Implementation Plans) do not currently address the
specific problem posed by nanomaterials’”). Thus, it
is recommended that these rules are further developed
to support the primarily responsible industry with the
appropriate characterization and assessment of the nano-
materials’?. The data collection as well as the char-
acterization and assessment of risks must be shaped in
cooperation with competent bodies and companies and
communicated transparently’”).

Conclusions

Regulatory frameworks in the US and EU have simi-
lar features relying on occupationally specific and gen-
eral chemical safety legislations (see Table 1). At the
core of these similarities are legislative powers given
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to parliamentary structures within democratic govern-
ing frameworks in both communities to facilitate trade
between member states and to protect wellbeing of their
citizens. Thus it comes as no surprise that although
two communities were formed at different stages of the
development of their welfare-state functions!%®), more
convergence has been observed recently. Both commu-
nities stated that existing regulatory approaches to occu-
pational safety and health apply to nanotechnology and
nanomaterials. And both communities have been mov-
ing towards proactive/preventive paradigm to risk assess-
ment and management in general and in the workplace
specifically. These trends are reflected in the regulatory
changes.

In December 2009, in his first speech after taking
the office, the newly appointed US OSHA administra-
tor, David Michaels, outlined five principles that would
guide OSHA activities in the current administration!07):

1. a permanent system where employers and work-
ers come together, on a basis of mutual respect, to
assess and abate hazards is needed;

2. more efforts should be placed in assessing chemi-
cal safety of industrial chemicals;

3. occupational risk management should transition
from reactive to preventive occupational safety
and health by adopting Prevention through Design
paradigm for the workplace;

4. OSHA must move ahead on rulemaking for urgent-
ly needed standards;

5. workers must have a stronger voice in workplace
safety.

Specifically for emerging technologies, it was proposed
that voluntary approaches need to be developed and
implemented to complement existing regulations and to
provide guidance on prudent measures to control risk?>.
These proactive approaches to the management of occu-
pational health risks in emerging technologies, such as
nanotechnology, would be based on the following six
features: qualitative risk assessment; the ability to adapt
strategies and refine requirements; an appropriate level
of precaution; global applicability; the ability to elicit
voluntary cooperation by companies; and stakeholder
involvement®).

Similar approach has been proposed to improve gen-
eral European Union governance model. A new gover-
nance model called “open method of co-ordination” was
outlined in 2000 by the Lisbon European Council as a
means to overcome legislative deadlocks resulting, for
example, from uncertainty in solutions to policy prob-
lems within proactive risk management paradigm!%®),
The “open method of co-ordination” involves four ele-
ments: “1) fixing guidelines for the Union combined

with specific timetables for achieving the goals which
they set in the short, medium and long terms; 2) estab-
lishing, where appropriate, quantitative and qualitative
indicators and benchmarks against the best in the world
and tailored to the needs of different Member States
and sectors as a means of comparing best practice;
3) translating these European guidelines into national
and regional policies by setting specific targets and
adopting measures, taking into account national and
regional differences; and 4) periodic monitoring, evalu-
ation and peer review organized as mutual learning
processes”198). At the core of this model is iterative
development of best-practice standards by affected
stakeholders which would serve as the basis for regula-
tory standards.

Environmental legislations in both communities are
undergoing re-evaluation as well. European Union is
addressing significant technical challenges associated
with REACH implementation. As of December 22,
2009 European Chemicals Agency (ECHA) published
22 guidance documents on the different processes, and
methods and sixteen technical manuals for REACH
available at http://echa.europa.eu/publications_en.asp.

In the US, discussions of revisions to chemicals
safety legislation are underway!??). In September 2009,
the U.S. EPA Administrator, Lisa Jackson, announced
six principles for a new chemical risk management law
that will give EPA the mechanisms and authorities to
expeditiously target chemicals of concern and promptly
assess and regulate new and existing chemicals in com-
merce!10):

1. Chemicals should be reviewed against risk-based
safety standards based on sound science and pro-
tective of human health and the environment.

2. Manufacturers should provide EPA with the neces-
sary information to conclude that new and exist-
ing chemicals are safe and do not endanger public
health or the environment.

3. EPA should have clear authority to take risk man-
agement actions when chemicals do not meet the
safety standard, with flexibility to take into account
sensitive subpopulations, costs, social benefits,
equity and other relevant considerations.

4. Manufacturers and EPA should assess and act on
priority chemicals, both existing and new, in a
timely manner.

5. Green Chemistry should be encouraged and provi-
sions assuring Transparency and Public Access to
Information should be strengthened.

6. EPA should be given a sustained source of funding
for implementation.

TSCA overhaul conducted along these principles would
bring US chemical safety regulatory framework more
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closely aligned with EU REACH regulation.

Trends towards trans-Atlantic harmonization in work-
place safety and health in general and for nanotech-
nology in particular are expected to continue in the

upcoming years.

Proactive and preventive approaches

to worker safety in nanotechnology workplace would
emphasize exposure mitigation within comprehensive
workplace safety and health programs in which work-
ers and management work together to continually assess
and abate hazards.
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