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This Guideline is intended to help health and safety professionals, employers, and employees to
evaluate exposures to engineered nanoparticles in workplaces governed by federal jurisdiction and to
apply control measures. This document highlights nanomaterials as an emerging occupational hazard
by reviewing adverse health effects of exposure and discussing potential for exposure within federally
regulated workplaces. This Guideline advises on hazardous chemical substance assessment and
management strategies pertaining to nanoparticles. The purpose of this Guideline is to support
the Labour Program’s mandate of fostering safe and healthy workplace environments.
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1. Introduction

Recent developments in nanotechnology have led to the increased use and production of engineered
nanoparticles, particulate matter less than one billionth of a meter in size (10" m), expressed in the unit

of a nanometer (nm) (see Definitions). Due to the unique properties of nanomaterials, they have been
manipulated for use in a variety of novel applications. Industries that actively use and produce nanoparticles
include manufacturing, cosmetics, energy, transportation, research, and medicine. However, the rate at
which nanomaterials are being produced far exceeds the rate at which occupational exposure limits (OELS)
are being developed.* Although little human data is available on the potential health effects of nanoparticle
exposure, existing literature has drawn a causal relationship between nanoparticle exposure and adverse
health effects. Therefore, it is important to evaluate employee exposures and to anticipate future problems
in industries that use nanomaterials. The purpose of this guidance document is primarily to help
health and safety professionals to evaluate occupational exposures to engineered nanoparticles,
including potential health effects, relevant regulations, exposure assessments, and control measures.
This Guideline can assist qualified individuals who have been mandated by employers to investigate the
risk of exposure to nanomaterials. This document highlights current challenges faced by industrial hygienists
in the evaluation of nanoparticles, and proposes future directions going forward.

Nanoparticles are simple yet complex hazardous chemical substances. They are simple because they

are smaller versions of existing particles, and decades of industrial hygiene research have been devoted to
the measurement and analysis of small particulate matter. They are complex because they have dimensions
in the nano-scale. In the nanometer range, particles exhibit different chemical and physical properties than
their macro counterparts.23 For example, nanoparticles have low solubility and very high surface to volume
ratios (specific surface area). Nanoparticles also tend to exhibit unique electromagnetic behaviours. These and
other characteristics of nanoparticles cause them to interact differently with living systems, often adversely.
However, it is also these differences that improve their technological applications. Products containing
nanoparticles, or nano-enabled products, have enhanced functionality. The first nanoparticles produced were
metals and metal oxides; common examples include titanium oxide, lead oxide, zinc, and silver. The new
generation of nanomaterials include carbon nanotubes, fullerenes, and quantum dots.'2 Carbon nanotubes (CNT)
consist of one or more rolled up sheets of graphene, an allotrope of carbon arranged in hexagons. Fullerenes
are spherical, cage-like arrangements of carbon atoms. Quantum dots are spheres of semiconductor material
among the smallest size range of nanomaterials (usually 1 to 10 nm in any dimension). Overall, engineered
nanoparticles have seemingly countless applications.

Although nanoparticles are praised as the next “miracle product” in technological advancement, health and
safety considerations must be made. In general, nanoparticles bound within a liquid or solid medium are
inert. However, aerosolization of nanoparticles through mechanical agitation (e.g. grinding) or other means
causes them to become inhalation hazards. Unbound nanoparticles can then gain entry into the body via
inhalation, skin absorption, or ingestion. In occupational settings, inhalation is by far the most significant
route of exposure. Nanoparticles are capable of penetrating into the deep, alveolar region of the lung where
gas exchange occurs. Dermal or eye absorption is a concern for unprotected or compromised barriers,
through which nanoparticles can penetrate. Ingestion is of minor concern, assuming good personal hygiene
practices. Through these pathways, nanoparticles can gain entry into the body. Existing literature suggests
that free nanoparticles can have negative health impacts, for example by inducing inflammatory pathways.
The small size of nanoparticles allows them to invade immunological defenses that other contaminants may
not. In fact, some evidence shows that nanoparticles are able to cross the blood-brain barrier.3 It becomes
increasingly apparent that the hazard profile of nanoparticles must be seriously evaluated.

ENGINEERED NANOPARTICLES — HEALTH AND SAFETY CONSIDERATIONS

®



Currently, there is a lack of regulations specific to engineered nanoparticles. Efforts made to address this
problem have largely been led by European and American authorities, such as the European Commission
and the National Institute for Occupational Safety and Health (NIOSH). In general, occupational exposure
limits (OELSs) for nanoparticles do not exist. In rare instances, guidance values have been developed to address
the immediate need. For instance, NIOSH has established a recommended exposure limit (REL) for ultrafine
titanium dioxide, as well as for CNT and nanofibres.29:30 These guideline values are measured in units of
mass per volume, such as mg/m3. However, sources suggest that mass concentrations are less relevant
than number concentrations for nanoparticle exposure (this point is discussed in Section 6.0).14

Another challenge in the evaluation of nanoparticles is measurement. Traditional equipment used to sample
ultrafine particles may not be useful for nanoparticles. Briefly, mechanisms of filtration that work for larger
particles (e.g. impaction) are less effective for matter in the nanometer range, which are more suitably sampled
with other techniques (e.g. electrostatic attraction). Innovative thinking must be applied in order to develop
appropriate sampling methodologies for engineered nanomaterials. Once these methods are validated,
quantification could then be performed with known accuracy and precision. The next step is to reduce
employee exposures to levels that are as low as reasonably achievable (ALARA). Various control measures
can be applied to achieve ALARA status. In accordance to best practices of industrial hygiene, controls should
be applied in a hierarchical fashion, beginning with elimination/substitution and ending with personal protective
equipment (PPE). Section 7.0 discusses general control measures and explores control banding as a risk
management tool in detail.

In summary, engineered nanoparticles are an emerging occupational hazard. It is necessary to understand
that nanotechnology is a rapidly evolving field, thus the information presented in this document reflects the
present state of knowledge. Health and safety professionals, employers, and employees are advised to stay
current on knowledge regarding nanoparticles to secure optimal health outcomes. Given that future production
rates are expected to increase, it is important to take a precautionary approach in dealing with engineered
nanoparticles. In instances where insufficient or inconclusive data on a new agent exists, the evaluation of
risk cannot be made with adequate certainty. Thus, a cautious approach should be adopted in dealing with
the contaminant of interest — this is the fundamental idea behind the precautionary principle. Engineered
nanomaterials have inarguably enhanced real-world applications. However, the utmost care must be taken
to evaluate engineered nanoparticles in the workplace and to anticipate future industrial hygiene challenges
with respect to this hazardous chemical substance.
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2. Definitions

This section outlines relevant terminology as they apply to this guidance document. For other definitions
or abbreviations, reference must be made to the Canada Occupational Chemical Agent Compliance

Sampling Guideline.*>

Aerodynamic equivalent
diameter (AED)

Aspect ratio

Carbon nanotubes (CNT)

Nanofibre

Nanomaterial
(Canadian Standards Association)

Nanomaterial
(Health Canada)

Nanometer (nm)

Nanoparticle

Nanoparticle (natural)

Nanoparticle (incidental)

Nanopowder

Nanoscale

Nanotechnology

Ultrafine particle

The diameter of a hypothetical sphere of unit density having the same
terminal settling velocity as the particle in question

The ratio between an object’s length and width

Cylindrical sheet(s) of graphene, an allotrope of carbon arranged in
hexagons; can be single-walled (SWCNT) or multi-walled (MWCNT)

An engineered particle with one or more dimensions measuring
between 1 and 100 nm, having an aspect ratio of 3:1 or greater

¢ Nanotube — hollow nanofibre
¢ Nanowire — flexible nanofibre, often electrically conductive
¢ Nanorod - rigid nanofibre

Material with any external dimension in the nanoscale or having
internal structure or surface structure in the nanoscale

Any manufactured substance or product and any component material,
ingredient, device, or structure if:

e |t is at or within the nanoscale in at least one external dimension,
or has internal or surface structure at the nanoscale; or

e [tis smaller or larger than the nanoscale in all dimensions and
exhibits one or more nanoscale properties/phenomena

One billionth of a meter in size (1 nm = 10" m)

An engineered particle with one or more dimensions measuring
between 1 and 100 nm, having an aspect ratio of less than 3:1

A particle that is not manufactured, e.g. volcanic ash emissions,
forest fire particles, nano-sized liquid droplets (ocean, rain, etc.)

A “background” particle that is not meant to be produced, a by-product
of industrial processes, e.g. Diesel or other vehicle exhaust emissions,
welding fumes

A collection or aggregate of nanoparticles
Size range from 1 nm to 100 nm

The use and manipulation of nanomaterials for use in research and
other practical applications

A particle having an aerodynamic equivalent diameter of 100 nm or less
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3. Routes of Entry and Health Effects

Nanoparticles become hazardous to human health when there exists an exposure pathway, which includes
a source (e.g. nanoparticle storage), a recipient (e.g. employee), and at least one route of entry by which
the agent can become internalized. The four possible routes of entry for hazardous chemical substances
are inhalation, ingestion, injection, and dermal absorption (including eyes). Of these pathways, inhalation is
the most common route of exposure for engineered nanoparticles, and indeed of most workplace hazards.
A secondary route of entry is dermal absorption, whereby nanoparticles penetrate through unprotected
skin and eyes. Accidental ingestion can also occur if the hands become contaminated with the chemical
substance, usually caused by poor personal hygiene. Lastly, accidental injection of nanoparticles can occur
if sharp objects are common in the workplace handling this contaminant. For more detailed information,
the Canadian Centre for Occupational Health and Safety (CCOHS) guide on “How Workplace Chemicals
Enter the Body”!" should be consulted.

Once nanoparticles enter the body, they disseminate systemically via the cardiovascular system.
Nanoparticle exposure is associated with a host of adverse pulmonary, immunological, cardiovascular,
neurological, and carcinogenic effects. Furthermore, nanoparticles are assumed to have the same toxic
properties as their macro forms (e.g. carcinogenicity, sensitizing ability).'6 Figure 1 illustrates diseases
associated with exposure to engineered nanoparticles, but this list is not exhaustive.” For example,
nanoparticles can dissolve in the moist outer membrane of the eyes called the cornea and cause local
inflammation (keratitis). In the consideration of exposure-related health effects, the following factors must
be evaluated: properties and toxicology of the nanomaterial, employee exposure concentrations, exposure
duration and frequency, and effectiveness of control measures. This section focuses on inhalation and skin/
eye absorption as predominant routes of entry for nanoparticles. Furthermore, this section reviews toxicological
data related to nanoparticle exposure and presents important clinical findings regarding adverse health effects.
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FIGURE 1 Exposure pathways and major diseases associated with nanoparticle exposure as evidenced
by epidemiological and clinical studies (Buzea et al., 2007)
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3.1 Inhalation Exposure to Engineered Nanoparticles

0Of the possible routes of entry, inhalation is the most significant pathway by which an employee is exposed to
nanoparticles. In a typical 8-hour shift, the lungs exchange between 2,800 L to 10,000 L of air.!" The extent
of inhalation exposure is governed by nanoparticle concentrations in the workplace and the respiratory
characteristics of the employee(s). For example, an employee performing heavy labour would take in greater
volumes of air at greater frequency than would a sedentary employee, and therefore be exposed to greater
concentrations of nanoparticles. Furthermore, heavy labour causes an individual to engage in mouth breathing,
which affects the deposition pattern of inhaled particles in the respiratory tract. The deposition pattern of a
contaminant affects health outcomes. Distribution of nanoparticles in the respiratory system is principally
bimodal, with greatest deposition in the nasopharyngeal (nose and pharynx) and alveolar (gas exchange)
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regions. In the nasopharyngeal region, mechanisms such as impaction trap nanoparticles. In the deeper
regions of the lung, nanoparticles collect onto alveolar surfaces mostly via diffusion. Mechanisms
of filtration are significant for sampling considerations, to be discussed in Section 6.3.

Defense mechanisms of the human respiratory system are specific to different regions of the lung: saliva in
the nasopharyngeal region, mucociliary escalator in the tracheobronchiolar (trachea and bronchioles) region,
and macrophages in the alveolar region.'® The mucaociliary escalator consists of cilia and mucous lining the
bronchioles. Cilia are small hair-like cells that sweep contaminants upwards, leading to retrograde clearance
of contaminants through the trachea. Saliva and bronchiolar mucous are swallowed and subsequently excreted
through the digestive system. The gas exchange region, which consists of millions of alveoli, is not lined
with cilia. Instead, specialized immune cells called alveolar macrophages engulf contaminants and migrate
towards the bottom of the mucociliary escalator. Overall, these mechanisms seek to destroy or control
agents that may be harmful to the body.

When full entrapment is not possible, such as in the case of very long nanofibres, serious health problems
may arise. Factors that influence the toxicity of nanofibres include composition, length, diameter, shape,
and persistence. In experiments involving rat and mice models, studies have shown that single- and
multi-walled carbon nanotubes (SWCNT and MWCNT) induce pulmonary inflammation and fibrosis.28:38
Although studies involving respiratory exposure to engineered nanomaterials have largely been conducted
in animal models, several researchers agree that results from these studies can be extrapolated to humans.
In fact, literature in this field has likened the health effect of nanofibres to those of asbestos.3 A pilot study
in 2008 showed that length plays a dominant role in mediating nanofibre toxicity, where longer CNTs are
more potent than their shorter counterparts. This may be attributed to the fact that macrophages have
difficulty in engulfing long particles. Nanofibers compromise the macrophage cell membrane, causing it to
lyse (burst). As a result, cell contents are released into the surrounding environment. Much of this is lysate
which is comprised of signaling molecules that can activate the inflammatory response, such as cytokines
(proteins that direct cell movement) and fibrinogen (a glycoprotein that mediates clotting). A non-specific
inflammatory cascade ensues. Neutrophils and macrophages are recruited to the site of lysis in an attempt
to contain the foreign agent, in this case the nanomaterial. However, excessive macrophage activation leads
to the production of reactive-oxygen species (ROS) that can cause tissue injury. A prolonged state of
immunological imbalance progressively worsens health, such that over time, lung fibrosis (scarring)
reduces gas exchange efficiency and overall pulmonary function.

Human epidemiological evidence has echoed similar effects. Employees exposed to ultrafine particles,
such as welding fumes, have suboptimal spirometry (lung function test) parameter, such as full expiratory
volume in one second (FEV1). Studies on European carbon black manufacturing have demonstrated
that exposed employees experience adverse respiratory symptoms (e.g. coughing) and higher incidence
of lung diseases.'®

Researchers noted elevated rates of the following illnesses among nanoparticle-exposed individuals:

¢ Pulmonary fibrosis

¢ Pulmonary edema

e Chronic obstructive pulmonary disease (COPD)

¢ Lung cancer
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Clinical studies have demonstrated adverse effects of exposure at a cellular level. For instance,
researchers have shown that exposure to carbon nanoparticles causes blood leukocyte retention in the
lungs.'” The findings of this study are significant because they suggest that nanoparticle exposure via
inhalation can induce cardiovascular effects. The exact mechanism remains unknown, although evidence
suggests that chronic inflammation induces vasoconstriction and high blood pressure.

The difficulty in conducting epidemiological studies is that ambient concentrations of ultrafine particles
(e.g. diesel exhaust) can rarely be distinguished from workplace concentrations of engineered nanoparticles.
Therefore, health effects arising from nanoparticles cannot be solely attributed to occupational exposures
with absolute certainty. With the exception of titanium dioxide and carbon black, no epidemiological studies
have been conducted to assess the health effects of nanoparticle exposure.2227 The next step should be
to expand research in this field, with particular focus on employee exposures.

3.2 Dermal and Eye Exposure to Engineered Nanoparticles

Skin absorption is another significant route of entry in addition to inhalation. Skin is the first line of defense
in the innate immune system and consists of three layers: epidermis, dermis, and subcutaneous. Literature
shows that due to their small size, engineered nanoparticles can readily penetrate through skin and mucosal
barriers.26 However, size is not the only determinant for skin penetration. For instance, a study on titanium
dioxide nanoparticles (engineered for sunscreen manufacturing) found that particulates suspended in an
oil-based solution penetrate deeper and faster into the skin than those immersed in an aqueous solution.?
In general, lipophilic compounds have enhanced uptake through the skin than hydrophilic compounds.

The extent of nanoparticle penetration seems to be restricted to the stratum corneum, the keratinized
outermost layer of the epidermis. However, deeper penetration is possible due to the rich supply of nerve
endings, blood vessels, and lymphatic vessels present in the skin. Compromised skin barriers, including
abrasions and lesions, cause further concern for skin uptake of nanoparticles. Hair follicles also facilitate
shunting of surface nanoparticles into the subcutaneous layers of the skin, which presents concern

for hairier parts of the body such as the forearms.*0

The surface of the eyes, albeit small relative to the surface of the skin, presents a unique route of entry for
nanoparticles. In a rabbit experiment, researchers demonstrated that titanium dioxide nanoparticles applied
to the ocular surface induced damage.*4 There was a notable decrease in the number of mucous-secreting
goblet cells in the conjunctiva, which weakens the eyes’ immune defense and allows for increased uptake
of hazardous chemical substances through the ocular surface. Some concern has also been brought up with
regards to neuronal exposure via ocular entry. Engineered nanoparticles have been shown to gain access
to the central nervous system (brain and spinal cord) via retrograde translocation along neurons.33 Overall,
efforts are still underway in characterizing the skin and eyes as routes of entry for nanoparticles. The health
effects of such exposures are not well known, although they have been associated with dermatitis,
sensitization, and irritation.
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4. Existing Occupational Exposure
Limits (OELSs)

To protect the health of employees in the workplace, occupational exposure limits (OELS) to various
hazardous chemical substances have been developed by industrial hygienists in conjunction with
policy-makers. The purpose of OELs is to provide regulatory limits of exposure for airborne contaminants.
According to Canada Occupational Health and Safety Regulations (COHSR) Section 10.19(1), employees shall
be kept free from exposure to a concentration of an airborne chemical agent in excess of values adopted
by the American Conference of Governmental Industrial Hygienists (ACGIH®). In other words, legal thresholds
of exposure to hazardous chemical substances in Canadian federally regulated workplaces are equivalent
to ACGIH® Threshold Limit Values (TLVs®) with a few exceptions, which have OELs of their own. TLVS®
are health-based values that represent concentrations at which nearly all employees may be repeatedly
exposed over a working lifetime without adverse health effects. The development of TLVs® is a long and
complex process. Briefly, the derivation of OELs/TLVs® calls for an extensive review of literature focusing
on studies involving dose-response relationships, the identification of no/low observed adverse effect
levels (NOAEL/LOAEL), the target organs or systems of each chemical agent, and the application

of uncertainty factors.?

There are three types of exposure limits:

1. TLV-time weighted averages (TLV-TWA): OEL for a full 8-hour shift

2. TLV-short term exposure limit (TLV-STEL): OEL for a 15-min period in an 8-hour shift
3. TLV-ceiling limit (TLV-C): peak OEL at any given time over an 8-hour shift

A single hazardous substance may have more than one type of TLV®, but TLVs® have not been developed
for all chemical contaminants. Engineered nanoparticles are one such example. Globally, there is a lack of
occupational exposure limits specific to nanoparticles despite the need to control employee exposures to this
hazardous substance. Heterogeneity in the composition of nanomaterials, unique chemical/physical properties
of nanomaterials, and limited toxicological data all present challenges for OEL development. Without OELSs,
measured exposure concentrations can only be compared to guideline values. Recommended exposure
limits (REL) and nano reference values (NRV) are two such examples. US NIOSH has established RELs for
nanoscale titanium dioxide (300 pg/m3) and CNT/nanofibres (1 ug/m3), which represent concentrations at
which employees may be exposed over the working lifetime assuming good workplace control practices.2%:30
Dutch NRVs are guideline 8hr-TWAs that have been developed with the precautionary principle in mind
(see Appendix A — Table A2 for NRVs by nanomaterial class).*2 Although RELS and NRVs have not been
adopted by law in their respective countries, these values are important tools for industrial hygienists

in making risk management decisions.

Currently, one project is expected to influence Canadian occupational standards with respect to
nanoparticle exposure. In 2012, the Chair of the ACGIH® TLV® Committee declared that efforts are
underway in the development of TLVs® for ultrafine zinc oxide (Zn0) and titanium dioxide (Ti0,) particles.®
These metal oxides are used in a variety of industries, such as paint and sunscreen manufacturing. If TLVs®
for Zn0 and Ti0, become published by ACGIH®, these values will serve as occupational exposure limits
in federally regulated workplaces in Canada.
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Overall, there is a serious lack of regulations specific to engineered nanoparticles worldwide. However,
the Canadian federal government is expected to adopt a new nanoparticle subsection under COHSR in
the near future (see Appendix A — Table A1 for details). This proposed policy reflects the need to address
nanoparticles as an emerging occupational hazard. The next step for health and safety authorities should be
to review existing guideline values and to decide whether they should be written into law. Such considerations
are underway for Dutch NRVs. To inform the OEL development process, further research must be conducted
on the toxicological effects of various engineered nanoparticles.

5. Potential for Employee Exposure
in Federally Regulated Workplaces

In Canada, the Labour Program is the occupational health and safety authority for federally regulated
workplaces under Part Il of the Canada Labour Code. Workplaces under federal jurisdiction employ nearly
one million Canadians (about 10% of the national workforce) in industries such as federal public service,
interprovincial trucking, railways, airlines, banking, telecommunications, grain elevators, and flour mills.20
Nanotechnology is being applied to many such industries, so it is important to assess and control employee
exposures. Through a literature review, the European Agency for Safety and Health at Work determined that
significant employee exposure to nanoparticles occurred in the following industries: health care, energy,
transportation, and chemical manufacturing.'® This section examines the potential for employee exposure
in federally regulated workplaces, using the transportation sector as a case study.

As engineered nanoparticles progress through their life cycle, they become less of an occupational hazard
and more of an environmental hazard.'* Therefore, there is greater risk for employee exposure in workplaces
that actively produce and/or use nanoparticles than those downstream. The potential for nanoparticle exposure
largely depends on the type of workplace: are nanoparticles being manufactured, used, and/or disposed of
in this facility? In a workplace where nanomaterials or nano-enabled products are present, employee exposure
could theoretically occur anywhere within the facility. However, researchers have found that certain processes
generated significant airborne concentrations of nanoparticles.2* Al of these processes are found as part
of various activities in federally-regulated workplaces, including:

¢ Production

¢ Transferring; packaging

Filtration; thermal treatment
e Spraying or vacuum cleaning

e Mixing

Cutting or grinding nano-enabled products
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Nanoparticles are produced by grinding bulk material down into the nanoscale (top-down approach)

or condensing nanoparticles onto a nucleus (bottom-up approach). Containment of nanoparticles is difficult

in both approaches, but particularly with top-down production because it involves grinding and milling.

In contrast, the use of closed reactors in bottom-up manufacturing means there are fewer opportunities for
exposure to take place, although it does happen when the vessels are opened. Regardless of the manufacturing
approach, it is important to implement appropriate control measures. Wet cutting, the use of fluids to flush
out debris during cutting, is one such example. In a study on the processing of nano-enabled composite
materials, researchers found that wet cutting reduced airborne CNT concentrations down to background
levels.® Since free nanopowder presents a greater inhalation hazard than those bound within a liquid or
solid medium, wet milling may be an effective control measure for reducing respiratory exposure amongst
employees. Section 7.0 discusses other control measures in detail.

Nanotechnology is becoming increasingly popular in the Canadian automotive and aerospace industries.
The automotive sector is exploring how engineered nanoparticles can be used in the development of stronger,
lighter, and more corrosion-resistant materials. For example, CNT can be used to reinforce vehicle bodies.
Since CNTs have 100 times the strength yet a fraction of the weight of steel, the incorporation of CNT in
automotive parts can be expected to reduce fuel consumption.32 A detailed case study on the risks from
exposure to MWCNT in the US and Canada can be found in the document entitled “Risk Assessment/Risk
Management of Nanomaterials: Case Study of Multi-walled Carbon Nanotubes” by the Regulatory Cooperation
Council Initiative — Task Group 3.8 Other examples of nano-enabled materials in the transportation sector
include fuel-cells, sensors/detectors, coatings, and catalysts.?! Despite the usefulness of nanotechnology,
the potential for exposure remains a threat to employees’ health. In a manufacturing setting, employees
can be exposed to nanoparticles during unpackaging, grinding, and spraying processes. Employees can also
be exposed at mixing tanks where nanopowders are combined with other substances to create composite
materials. These processes can potentially introduce nanoparticles into the air, which causes concern for
exposure via the inhalation and skin/eye deposition routes. Bound nanoparticles cause less of a health
concern, but any abrasive process (e.g. sanding, prolonged wear) can re-aerosolize these particles.

Overall, little is known about nanoparticle exposures in Canadian federal sectors. Given that
nanotechnology has become increasingly popular with manufacturers, efforts should be made to assess
the nature of employee exposures in federally regulated workplaces. The obligation rests upon employers
to conduct hazard investigations for the protection of employees’ health. For more information on North
American and international regulations relevant to nanomaterial management, reference should be made
to the Canada-United States Regulatory Cooperation Council (RCC)’s Nanotechnology Initiative Final Report3—
in particular Tables 1, 2, and 14. The next two sections discuss how employee exposures to nanoparticles
are assessed and controlled.
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6. Methods of Exposure Evaluation

Under COHSR Section 10.4 (see Appendix A — Table A1), employers must hire qualified health and

safety professionals to conduct hazard investigations. This involves consulting with an industrial hygienist,

who develops a sampling strategy, performs an on-site survey, and prepares a report with results and
recommendations. The purpose of industrial hygiene surveys is to qualitatively and quantitatively assess the
exposure scenario. The evaluation of employee exposures requires significant technical expertise. No single
instrument can suitably sample every hazardous chemical substance, so one of the most important decisions
that industrial hygienists make is the selection of sampling instrumentation. Traditional sampling strategies
for very small particles may not be appropriate for nanoparticles; this section discusses this point in detail
and explores challenges associated with nanoparticle sampling. Furthermore, this section explains how
hazard investigations are conducted for inhalation and dermal exposures to hazardous chemical agents.

6.1 Risk Assessment and Risk Management

When a hazardous chemical substance has at least one exposure pathway to gain entry into the body,
there is risk to employees’ health (risk = hazard x exposure).’® The degree of risk can be determined
through a comprehensive risk assessment according to COHSR subsection 10.4(2). For more information,
reference may be made to the IRSST Best Practices Guide to Synthetic Nanoparticle Risk Management
(hitp://www.irsst.gc.ca/media/documents/PublRSST/R-599.pdf) and/or the ACGIH Occupational Risk
Management of Nanoparticles (http://www.tandfonline.com/doi/abs/10.1080/154596208019078404.

V408vUOUWUK).

Risk assessment consists of the following four elements:

1. Hazard Identification/Recognition
Determines the scope of workplace hazard(s) to be studied, including their presence, location,
composition, and chemical/physical properties.

2. Hazard Assessment/Investigation
Evaluates potential health effects that may occur as a result of exposure to the workplace hazard(s)
by reviewing toxicology literature and referring to Safety Data Sheets (see Appendix B — Figure B1 for
an example of an SDS for Ti0,). Hazard investigations can be done by following the Labour Program’s
Hazardous Substances Management Guide found at: hitp://www.esdc.gc.ca/en/reporis/health
safety/hazardous_substances.page?.

3. Exposure Assessment
Assesses the type, magnitude, and frequency/duration of exposures, including exposure pathway(s)
and the employees who are affected.

4. Risk Characterization
Culminates knowledge obtained from the three previous elements and interprets the nature of risks
associated with exposure (e.g. likelihood of iliness and level of severity).
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The industrial hygienist performs all of the above steps in order to obtain information about the

exposure scenario in a workplace. This data is useful for making decisions regarding risk management,

the implementation of control measures to reduce employee exposures (see Section 7.0). For more
information on how to assess and control for exposure to nanoparticles, reference may be made to the
IRSST Nanoparticle Measurement, Control, and Characterization document: http://www.irsst.qc.ca/en/
publications-tools/publication/i/100812/n/nanoparticle-measurement-control-machining-friction-r-864.
The qualified person must use factors described in COHSR 10.4(2) to conduct a risk assessment, or utilize
a method that is widely accepted by the industrial hygiene community. The next subsection discusses how
airborne chemical hazards can be assessed, with a focus on the technical workings of sampling equipment.

6.2 Challenges in the Sampling Methodology for Nanoparticles

Nanoparticles present complications for sampling. Given the heterogeneity and unique chemical/physical
properties of nanomaterials, there is no scientific consensus on what to sample, how to sample, and how
to interpret sampling results. Three challenges must be addressed in the evaluation of nanoparticles

as an occupational hazard:

1) Which parameter(s) should be sampled?

Many metrics can be used for characterizing nanoparticles: mass concentration, surface area, number
concentration, surface chemistry, and size/shape of the particle. Traditionally, airborne concentrations
of hazardous chemical substances have been used to quantify employee exposures. For agents in a
solid or liquid droplet form, concentrations are almost always measured in units of mass per volume

of air (e.9. mg/m3). Generally speaking, this is a simple and effective way to measure aerosols because
most substances have appreciable mass. In contrast, nanoparticles have such low mass that gravimetric
analysis is not an appropriate method of sampling. Recommended exposure limits for nanoparticles are
very low (e.g. NIOSH advises an 8-hr TWA of 1 pg/m?® for CNTSs), and existing analytical methods are rarely
sensitive enough to detect such low concentrations.# With the exception of nanoparticle agglomerates
(groupings of many particles), mass concentrations are non-ideal units for nanoparticle sampling. Experts
have surface area and number concentration as alternative parameters. Surface area appears to be a
suitable metric because the high surface area to volume ratio of nanoparticles mediates their biological
toxicity. However, instruments capable of detecting surface area have a detection upper limit of 1,000 nm
in particle diameter.'# Since the surface area of a particle is a function of its square diameter, micro-sized
particles will dominate the measurement as opposed to the nanoparticles. Number concentration is a
third metric for quantifying nanoparticles, measured in units of particles per volume air. Number concentration
is generally preferred over mass concentrations for nanoparticle measurements. The laws of physics affect
the sampling efficiency for all of these metrics. Thus, a combination of parameters is typically used to
obtain information about the quantity of nanoparticles in a workplace. The Canada-United States RCC
developed an algorithm for determining metrics of concern for different types of nanomaterials that
may be useful for health and safety professionals (see Appendix A — Figure A1).
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2) What are some practical limitations for sampling?

There are several limitations for sampling nanoparticles, some of which affect industrial hygiene surveys
in general. Firstly, sampling equipment is sometimes bulky and incapable of data-logging concentrations
over time. The instruments require regular calibration and maintenance, which can be costly. Secondly,
there are few accredited labs that can analyze nanoparticle samples due to lack of technology, expertise,
or both. Lastly, work processes involving nanoparticles may be infrequent (e.g. occurring 2—3 times per
week for only hours at a time). This presents a problem for obtaining an exposure measurement that is
representative of typical exposures, thus making it difficult to compare such numbers to guideline values.
Lastly, the majority of sampling equipment and methods is simply not sensitive enough to detect very
low concentrations of chemical agents. Nanoparticles have only emerged as an occupational hazard
recently, so it will take time to make current instruments suitable for nano-specific sampling.

3) How should background levels and incidental nanoparticles be accounted for?

It is difficult to distinguish between background levels of nanoparticles (natural and incidental)

(see Definitions) from nanoparticles that are deliberately manufactured. One option is to sample in the
workplace when nanoparticle-manufacturing processes have shut down. Another option is to sample
outdoor concentrations of nanoparticles, but both approaches are problematic in their own ways.
The default method for determining background levels is to sample in a “clean” area in the same
facility that nanoparticles are manufactured in. For example, the industrial hygienist could perform
air sampling in the administrative office.

6.3 Inhalation Exposure Assessment

Prior to conducting the on-site exposure assessment, the industrial hygienist must develop a sampling
strategy. Decisions must be made with respect to the contaminant(s) that will be sampled, sampling
location(s), and sampling duration. These factors affect the selection of equipment and analytical methods.
The Canadian Occupational Chemical Agent Compliance Sampling Guideline*® outlines procedures that
should be followed in workplace hazard investigations. After the sampling has been conducted, employee
exposures to a hazardous chemical substance are compared to corresponding OELs (ACGIH® TLVs®).
This is how inhalation exposure assessments are done for most airborne hazards.

A wide selection of instruments exists for the purpose of sampling airborne chemical agents. They are capable
of sampling different states of matter and distinguishing between particles of different size. In industrial
hygiene, very small particles are routinely collected with size-selective sampling devices. Such devices
distinguish between fractions of particles based on their aerodynamic equivalent diameter (AED). This is

a useful characteristic because smaller particles penetrate different regions of the human pulmonary tract
than large particles. The three size fractions that can be sampled by existing equipment are the following:

¢ |nhalable fraction deposits anywhere in the respiratory tract
¢ Thoracic fraction deposits in the nose, throat, bronchus, and bronchioles

¢ Respirable fraction deposits in the alveoli
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To date, no sampling or analytical methods have been developed for nanoparticles specifically. Thus,
methods developed for other hazardous chemical agents have been used as surrogates in nanoparticle
hazard assessments. Listed below are some methods that have been developed and used by NIOSH
for nanoparticle sampling:

TABLE 1  NIOSH Methods for the Sampling and Measurement of Nanomaterials

Substance
Method or Purpose Samplers Web Address
0600 Titanium dioxide e Polyvinyl chloride (PVC) filter http://www.cdc.gov/niosh/
(respirable) * Cyclone docs/81-123/pdfs/0600.pdf
5040 Carbon nanotubes e Quartz-fibre filter http://www.cdc.gov/niosh/
and nanofibres * Cyclone docs/2003-154/pdfs/5040.pdf

(elemental carbon) e Thermal optical analyzer

7402 Visualizing sample ¢ Mixed cellulose ester filter http://www.cdc.gov/niosh/
* Size-selective sampling device docs/2003-154/pdfs/7402.pdf

¢ Transmission electron microscope

7300 Identifying ¢ Mixed cellulose ester filter http://www.cdc.gov/niosh/

¢ Inductively coupled plasma-atomic
emission spectroscope

A list of instruments currently being used to monitor nanoparticle exposures can be found in Table C.1

of the Canadian Standard Association (CSA) Z12885. Efforts are underway in the development of sampling
devices for nanomaterials. In the US, NIOSH is developing a Personal Nanoparticle Sampler (PENS) that could
be used to determine employee exposures; PENS consists of a respirable cyclone plus an impactor fitted
onto a close-faced filter cassette.3 NIOSH is also looking into the use of direct-reading instruments (DRIs)
and wipe sampling in initial industrial hygiene surveys. In Europe, an initiative called NANODEVICE is developing
practical (affordable and portable) equipment for assessing nanoparticle concentrations in the workplace.
Until these devices are validated and released, the above methods will continue to be used by industrial
hygienists in performing inhalation exposure assessments for nanomaterials. For information on the progress
of sampling guideline development, reference must be made to the Canada-US RCC’s Nanotechnology
Initiative Final Report® — in particular Section 4.2.

ENGINEERED NANOPARTICLES — HEALTH AND SAFETY CONSIDERATIONS


http://www.cdc.gov/niosh/docs/81-123/pdfs/0600.pdf
http://www.cdc.gov/niosh/docs/81-123/pdfs/0600.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/5040.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/5040.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/7402.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/7402.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/7300.pdf
http://www.cdc.gov/niosh/docs/2003-154/pdfs/7300.pdf

6.4 Dermal Exposure Assessment

Dermal exposure assessments are not as well developed as those for inhalation, but the skin can be

a significant route of exposure. In fact, the ACGIH® developed a skin notation to mark agents with TLVs®
for which skin is an important route of entry. Skin exposure to hazardous chemical substances can occur
in three ways:%!

e Contact: skin touches an object or surface contaminated with the substance
¢ Deposition: airborne forms of the substance settle onto the skin

¢ Immersion: skin is submerged in or splashed with the substance or its mixture

There is no scientific consensus on the best way to conduct skin exposure assessments. A non-quantitative
method is to use fluorescent visualization. Tracer compounds can be added to the substance of interest to
visualize its presence on contaminated surfaces. Special lamps can also be used to see airborne particles and
to evaluate the effectiveness of local exhaust ventilation (LEV). A quantitative method is to remove substances
on the skin with wash solutions or wipes, and subsequently analyzing the samples. One new method is

to use surrogate skin, such as a cotton pad applied to the forearms, to estimate exposure. A more invasive
method is to use small skin biopsies to analyze nanoparticle burden. A mice study showed that elemental
analysis of skin snips correlate with the total administered dose of gold nanoparticles.3® Therefore, the skin
is an important organ for nanoparticle accumulation and skin biopsies may be useful in quantitative exposure
assessments. The American Industrial Hygiene Association (AIHA) has developed a practical tool for estimating
dermal exposures to hazardous chemical substances. This /H SkinPerm software can be found at the following
address: https://www.aiha.org/get-involved/VolunteerGroups/Pages/Exposure-Assessment-
Strategies-Committee.aspx. A similar toolkit that is part of the RISKOFDERM project can be found at:
http://www.eurofins.com/consumer-product-testing/services/research-development/projects-
on-skin-exposure-and-protection/riskofderm-skin-exposure-and-risk-assessment/.

7. Gontrol Measures

Hazardous substances, including engineered nanoparticles, are governed under Part X of COHSR. Part X
dictates how hazards should be stored/handled/used, along with how hazard investigations are to be conducted.
Importantly, Section 19.5(1) Preventive Measures outlines how control measures must be implemented in
order to reduce employee exposures to hazardous substances. Reference to the Labour Program’s Hazardous
Substances Management Guide may be helpful for conducting workplaces investigations related to hazardous
substances: hitp://www.esdc.gc.ca/en/reports/health_safety/hazardous_substances.page?. Investigations
must be performed in the presence of the work place health and safety committee (see Section 135.7¢ of
the Canada Labour Code). After a risk assessment is performed, control measures may need to be implemented
for the reduction of employee exposures to hazardous substances. Overexposure scenarios certainly necessitate
the application of controls, but it is equally important to reduce concentrations which are within the legal
limits to be most protective of employees’ health. The selection and implementation of controls require
expertise from the health and safety professional, along with input from employers and employees

for suitability.
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Controls must be applied in a hierarchical fashion. In order of importance, control measures used to reduce
employee exposures include:

¢ Elimination of a hazardous chemical substance from the workplace

Substitution of the substance with another substance that is less toxic to health

Isolation of the substance in closed chambers or rooms
e Engineering controls such as ventilation or design/process modification
¢ Administrative controls such as shift rotation or access restriction

¢ Personal protective equipment (PPE) such as respiratory or skin protection

These control measures have corresponding sections under COHSR Part X Hazardous Substances

(see Appendix A — Table A1 for details). As exposure concentrations approach the occupational exposures
limits or guideline values, more vigorous control methods are needed. PPE in general should be viewed
as a last resort in protecting employee from occupational hazards. However, in certain situations where,
for example, it is not feasible to apply engineering controls to prevent employee exposures, it becomes
necessary that respiratory protection be used. Legislation requires employers to comply with the CSA
Standard Z94.4 Selection, Use, and Care of Respirators in administering respiratory protection programs.
An overview on PPE use for nanomaterials can be found in the AIHA publication titled “Personal Protective
Equipment for Engineered Nanoparticles” at the following link: https://www.aiha.org/government-affairs/
Documents/ PPE%20for%20ENP_ FINAL.pdf. This resource may be useful to employees who would like
to learn more about how they can reduce nanoparticle exposures in the workplace. The next subsection
discusses the technique of control banding as they apply to engineered nanomaterials.

7.1 Control Banding

Control banding is a useful risk management tool for reducing employee exposures to hazardous chemical
substances. Substances of a similar hazard level (e.g. carcinogens, irritants) are grouped into “bands”, and a
particular set of control measures (e.g. local exhaust ventilation, good work practices) are assigned to each
band. The purpose of control banding is to provide a simple, easy-to-use framework for employers to manage
occupational hazards. Control banding is a particularly suitable technique for small organizations that may
not have access to occupational health and safety expertise. The pharmaceutical industry pioneered control
banding in order to ensure that employees could safely work with chemicals of uncertain or unknown toxicity.
The same remains true today: control banding is typically used for substances with limited toxicological
data and substances without occupational exposure limits, including nanoparticles.

The first step of control banding is to assign the substance of interest to a particular band. Substances
within the same hazard band should be similar in one or more of the following ways:

e Chemical and physical properties

Biological toxicity

Types of processes where the substance is used

Route of entry

e Exposure duration and frequency

Concentrations of the substance in the workplace
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For every band, there is a list of control measures that have been developed to be suitable for the
particular hazard level. For example, general ventilation and PPE may be recommended for a band of
hazardous substance known to be skin irritants. Very toxic substances that are present in large amounts

in the workplace are managed with much more stringent controls than substances with low toxicity and
concentrations. There are several advantages to using the control banding technique. Firstly, control banding
is a practical tool that non-experts can easily understand and apply. Secondly, substances with no OELs
can be assigned to a particular hazard band and managed according to the specified control measures for
that band. One limitation of control banding is that it may not be sufficient in controlling hazards in workplaces
where exposure levels are highly variable (defined as a geometric standard deviation of greater than 2.0).4°

Usually control banding by level of hazard includes:

1. Non-toxic substances

2. Moderately toxic substances

3. Substances causing death or severe health effects

4. Special cases (e.g. cancer) for situations of the highest risk

Control banding is not intended to replace stricter control measures already being practiced in a workplace.
Rather, it is meant to advise the implementation of control measures in a practical sense. The UK Health
and Safety Executive (HSE) developed one of the most popular control banding models used by professionals
and employers: the Control of Substances Hazardous to Health (COSSH) Essentials. The COSSH Essentials

e-tool can be found online at the following web address: htip://coshh-tool.hse.gov.uk/. More information
regarding control banding is expected to be published by the ESDC Labour Program in 2017.

8. Summary and Future Directions

In summary, engineered nanoparticles are an emerging occupational hazard. The speed of nanotechnology
development, coupled with mounting evidence regarding adverse human health effects, necessitate the use
of the precautionary principle in dealing with nanomaterials. Exposure to nanoparticles has been known to
be toxic to cardiovascular, neurological, and pulmonary systems. Since employees are the first to be exposed
to engineered nanoparticles, efforts to address this hazardous chemical substance in the workplace should
be made a priority. Future directions in dealing with engineered nanoparticles are as follows:

¢ (Qccupational exposure limits should be developed for different types of nanomaterials based on the current
state of knowledge. The ACGIH® is currently developing TLVs® for nanoparticles of zinc oxide and titanium
dioxide. By setting legal thresholds of acceptable exposure, employers can be held accountable
for implementing control measures for reducing employees’ exposure to nanomaterials.

e Sampling instruments should be modified or created to suitably sample various parameters of nanoparticles.
Since physical characteristics (e.g. surface area) mediate toxicity more so than composition, sampling
equipment should be able to sample the appropriate metrics. The ideal sampling device would be able
to measure number concentrations, mass concentrations, and surface area in a size-selective manner.
The instrument should also be portable and capable of data logging over a period of time. Given that
inhalation is a primary route of exposure, development in this area should be focused on obtaining
airborne measurements.
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e Sampling and analytical methods specific to different types of nanomaterials should be developed.
NIOSH methods that have not been specifically developed for nanoparticles are being used as surrogate
methods in industrial hygiene surveys. The development of suitable methods would serve to standardize
how risk assessments are conducted by health and safety professions.

¢ The control banding approach should be adopted by regulatory bodies and employers. Control banding
is a simple technique for reducing employee exposures to substances with little toxicological data and
no OELs, including engineered nanoparticles. Small- to medium-sized organizations may consider using
control banding as a practical tool for reducing employee exposures in the absence of technical expertise.

¢ More research on the health effects of nanomaterial exposure should be conducted to create a fuller
toxicological profile. Initial studies have shown that nanoparticles cause acute illnesses. The widespread
incorporation of nanomaterials in manufactured products draws attention to the need of investigating
long-term health effects as well. Furthermore, research on the effectiveness of PPE in protecting the
respiratory and skin health of employees with regards to nanoparticle exposure should be conducted.

In conclusion, engineered nanoparticles are an important occupational hazard. There is potential for
employee exposure in many types of workplaces, including those under federal jurisdiction (e.g. transportation).
No Canadian regulations specific to the evaluation and control of nanoparticle exposures currently exist,
however one policy that makes reference to the CSA Standard z-12885 is expected to be adopted in the
COHSR Part Il in the near future. In the meantime, employers are obligated to ensure a healthy and safe
workplace for employees with regards to all hazardous chemical substances. Proper training and application
of the hierarchy of controls may be useful in reducing employee exposures to novel substances such

as engineered nanomaterials. The Canada-US Regulatory Cooperation Council (RCC)’s Nanotechnology
Initiative published a report that contains useful regulatory on engineered nanomaterials that may be

of interest to health and safety professionals, which can be found at: http://nanoportal.gc.ca/default.
asp?lang=En&n=5A56CB00-1. Overall, more research must be conducted to develop tools that will
enable technical professionals to assess the extent of nanoparticle exposures in Canada.
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9. Appendices

9.1 Appendix A

TABLE A1 Sections of the Canada Labour Code and Canada Occupational Health and Safety
Regulations (COHSR) Made Under the Canada Labour Code as Relevant to Nanoparticle
Risk Assessment and Management

Section Number
Preventive Canada
Measures Labour

Code
122.2

Preventive COHSR
Measures 19.5(1)

Substitution COHSR
of Substances 10.16

Relevant Statements

Preventive measures should consist first of the elimination of hazards,
then the reduction of hazards and finally, the provision of personal
protective equipment, devices or materials, all with the goal

of ensuring the health and safety of employees.

The employer shall, in order to address identified and assessed hazards,
including ergonomics-related hazards, take preventive measures
to address the assessed hazard in the following order of priority:

(@) the elimination of the hazard, including by way of engineering
controls which may involve mechanical aids, equipment design
or redesign that take into account the physical attributes
of the employee;

(b) the reduction of the hazard, including isolating it;

(c) the provision of personal protective equipment, clothing, devices
or materials; and

(d) administrative procedures such as the management of hazard
exposures and recovery periods and the management of work
patterns and methods

(1) No person shall use a hazardous substance in a work place where
it is reasonably practicable to substitute a substance for it that
is not a hazardous substance

(2) If the requirements of subsection 10.16(1) cannot be met, where a
hazardous substance is to be used for any purpose in a work place
and an equivalent substance that is less hazardous is available to be
used for that purpose, the equivalent substance shall be substituted
for the hazardous substance where reasonably practicable
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Section Number Relevant Statements

Ventilation COHSR (1) Every ventilation system installed on or after January 1, 1997 to control
10.17 the concentration of an airborne hazardous substance shall be so
designed, constructed, installed, operated and maintained that
(a) the concentration of the airborne hazardous substance does not
exceed the values and levels prescribed in subsections 10.19(1)
and 10.20(1) and
(2 ;and
(b) it meets the standards set out in
(i) Part 6 of the National Building Code,
(ii) the publication of the American Conference of Governmental
Industrial Hygienists entitled Industrial Ventilation: A manual
of Recommended Practice for Design, 26th edition, dated 2007,
and Industrial Ventilation: A Manual of Recommended Practice
for Operation and Maintenance, dated 2007, as amended
from time to time
(i) ANSI Standard ASI Z9.2-2006 entitled Fundamentals Governing
the Design and Operation of Local Exhaust Systems,
dated 2006, as amended from time to time

Control COHSR (1) An employee shall be kept free from exposure to a concentration of

of Hazards 10.19 (a) an airborne chemical agent in excess of the value for that chemical
agent adopted by the American Conference of Governmental Industrial
Hygienists, in its publication entitled Threshold Limit Values and
Biological Exposure Indices, as amended from time to time

(3) Where there is a likelihood that the concentration of an airborne
chemical agent may exceed the value referred to in subsection (1),
air samples shall be taken and the concentration of the chemical
agent shall be determined
(b) in accordance with the standards set out by the United States

National Institute for Occupational Safety and Health in the
NIOSH Manual of Analytical Methods, third edition, volumes 1
and 2, as amended from time to time;

(c) in accordance with a method that collects and analyses a
representative sample of the chemical agent with accuracy and
with detection levels at least equal to those which would be obtained
if the standards referred to in paragraph (b) were used; or

(d) where no specific standards for the chemical agent are set out
in the publications referred to in paragraph (b) and no method is
available under paragraph (c), in accordance with a scientifically
proven method used to collect and analyse a representative
sample of the chemical agent.

Notwithstanding subsection 10.19(1), the employer shall ensure that
the employees’ exposure to those substances listed in ACGIH® as known
or suspected carcinogens, be kept as low as reasonably practicable.
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Section

Hazard
Investigation

Number

COHSR
10.4

10.6

(1)

Relevant Statements

If there is a likelihood that the health or safety of an employee in

a work place is or may be endangered by exposure to a hazardous

substance, the employer shall, without delay,

(a) appoint a qualified person to carry out an investigation
in that regard; and

(b) for the purposes of providing for the participation of the work
place committee or the health and safety representative in the
investigation, notify either of the proposed investigation and
of the name of the qualified person appointed to carry out
that investigation.

In an investigation referred to in subsection (1), the following

criteria shall be taken into consideration:

(a) the chemical, biological and physical properties
of the hazardous substance;

(b) the routes of exposure to the hazardous substance;

(c) the acute and chronic effects on health of exposure
to the hazardous substance;

(d) the quantity of the hazardous substance to be handled;

(e) the manner in which the hazardous substance is stored,
used, handled and disposed of;

() the control methods used to eliminate or reduce exposure
of employees to the hazardous substance;

(g) the concentration or level of the hazardous substance
to which an employee is likely to be exposed,;

(h) whether the concentration of an airborne chemical agent or
the level of ionizing or non-ionizing radiation is likely to exceed
50 percent of the values referred to in subsection 10.19(1)
or the levels referred to in subsections 10.26(3) and (4); and

() whether the level referred to in paragraph (g) is likely to exceed
or be less than that prescribed in Part VI.

A report referred to in section 10.5 shall be kept by the employer for a
period of thirty years after the date on which the qualified person signed
the report.
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Section Number Relevant Statements

Nanoparticles (TBD) e Engineered nanomaterials — nanomaterial designed for a specific
purpose or function

* Incidental nanomaterials — nanomaterial generated as an unintentional
by-product of a process

¢ Where engineered nanomaterials are present in the workplace,

the employer shall ensure a qualified person:

— establishes and maintains a process to identify and remove hazards,
and mitigate risks associated with the handling, use and exposure
to nanomaterials on an ongoing basis in accordance with
CSA Standard z-12885;

— sets objectives and targets to develop preventative and protective
measures in accordance with CSA Standard z-12885.

Where a process produces an incidental nanomaterial as a by-product,
the employer will conduct an investigation and implement controls
as described under 10.4 through 10.6 of these regulations.

While the proposed requirements (highlighted in grey) are not yet contained in the regulations, it is strongly
recommended that work place parties follow these guidelines. Changes in policy reflect the need for clarification
in wording [10.16(2)], the need for updates to conform to the latest industry standards [10.17(2b-ii)], the need
to motivate employers to do their best in controlling chemical exposures [10.19], and the need to address
the absence of regulations specifically pertaining to nanoparticle exposures [TBD].

TABLE A2 Nano Reference Values (NRV) for Four Classes of Manufactured Nanomaterials
(van Broekhuizen et al., 2012)

Class Description Density NRV (8-h TWA) Examples

1 Rigid, biopersistent — 0.01 fibres cm=3 SWCNT or MWCNT or
nanofibres for which metal oxide fibres for
effects similar to those of which asbestos-like
asbestos are not excluded effects are not

excluded

2 Biopersistent granular >6,000kgm= 20,000 particles cm™3  Ag, Au, Ce0,, CoO,
nanomaterials in the range Fe, FeXOy, La, Pb,
of 1-100 nm Sb,05, S0,

ENGINEERED NANOPARTICLES — HEALTH AND SAFETY CONSIDERATIONS

(=)



Class Description Density

3 Biopersistent granular and ~ <6,000 kg m=3
fibre form nanomaterials
in the range of 1-100 nm

4 Non-biopersistent granular —
nanomaterials in the range
of 1-100 nm

SWCNT - single-walled carbon nanotube
MWCNT — multi-walled carbon nanotube
Ag — silver

Au - gold

Ce0, — cerium (IV) dioxide

Co0 — cobalt (Il) oxide

Fe —iron

Fexoy— iron oxide

La — lanthanum

Pb —lead

Sb,05 — antimony pentoxide

Sn0, - tin dioxide

Al,0, — aluminum oxide

Si0, — silicon dioxide

TiN — titanium nitride

Ti0,, — titanium dioxide

Zn0 - zinc oxide

Cg — fullerene

NaCl — sodium chloride

NRV (8-h TWA)

40,000 particles cm™3

Applicable OEL

Examples

Al,0,, Si0,, TiN, Ti0,,
Zn0, nanoclayCarbon
black, Cg,, dendrimers,
polystyreneNanofibres
with excluded
asbestos-like effects

e.g. Fats, NaCl
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FIGURE A1 Algorithm for Determining Concerns with Exposure for Novel Nanoparticles

(Canada-US Regulatory Cooperation Council, 2015)
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9.2 Appendix B

FIGURE B1 Safety Data Sheet for Titanium Dioxide

mnunx SAFETY DATA SHEET

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY/UNDERTAKING

Identification of the Tronox® Titanium Dioxide, All Grades
substance/preparation

Use of the substance/ White pigment for applications in coating, inks, fibers, plastics, paper, glass, vitreous enamels,
preparation and ceramics.

Version No. 01

Revision date 22-December-2009

Synonym(s) TRONOX® Titanium Dioxide 435, CR-470, CR-800, CR-800E, CR-813, CR-822, CR-826, CR-828,

CR-834, CR-880, 8300, 8400, 8670, R-KB-2, R-KB-3, R-KB-4, R-KB-5, R-KB-6, R-FD-I, R-PL-1,
R-U-2, R-U-5, T-R, TR-HP-2, A-DW-1, A-K-1, 8700, R-FK-2, R-FK-3, 820, 8120.

CAS No. 13463-67-7

Product code 77891, Pigment White #6
SDS Number B-5017
Manufacturer/Supplier Tronox Pigments (Holland) BV

Prof. Gerbrandyweg 2

3197KK Rotterdam-Botlek

The Netherlands
ChemProdSteward@tronox.com

+31 181 246600

Emergency: CHEMTREC 1-800-424-9300

2. HAZARDS IDENTIFICATION

This preparation is not classified as dangerous according to Directive 1999/45/EC and its amendments.

Physical hazards Not classified as a physical hazard.

Health hazards Prolonged exposure may cause chronic effects.

Environmental hazards Not classified as an environmental hazard.

Specific hazards Dusts or powder may irritate the respiratory tract, skin and eyes. Frequent inhalation of fume/dust

over a long period of time may increase the risk of developing lung diseases although
epidemiological studies among titanium dioxide workers could not demonstrate this.

Main symptoms Upper respiratory tract irritation. Coughing. Irritation of eyes and mucous membranes. Skin
irritation.

3. COMPOSITON/INFORMATION ON INGREDIENTS

Components CAS No. Percent EC-No. Classification

Titanium dioxide 13463-67-7 86-97 236-675-5

Silicon dioxide 7631-86-9 10-20 231-545-4

Aluminium hydroxide 21645-51-2 0-10 244-492-7

Zirconium oxide 1314-23-4 0-2 215-227-2

Composition comments Components listed make up an inseparable chemically reacted pigment.

4. FIRST-AID MEASURES

Inhalation Move to fresh air. Get medical attention if any discomfort continues.

Skin contact Flush skin thoroughly with water. Get medical attention if irritation develops or persists.

Eye contact Immediately rinse eyes with water. Remove any contact lenses, and continue flushing eyes with

running water for at least 15 minutes. Hold eyelids apart to ensure rinsing of the entire surface of
the eye and lids with water. Get immediate medical attention.

Ingestion Rinse mouth thoroughly. Do not induce vomiting without advice from poison control centre. Never
give anything by mouth to an unconscious person. If ingestion of a large amount does occur, call
a poison control centre immediately.

General advice Ensure that medical personnel are aware of the material(s) involved, and take precautions to
protect themselves.

Notes to physician Treat symptomatically.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media Use fire-extinguishing media appropriate for surrounding materials.

Tronox® Titanium Dioxide, All Grades CPH SDS EU SIX
2835 Version No.: 01 Revision date: 22-December-2009 Print Data: 22-December-2009 1/5

ENGINEERED NANOPARTICLES — HEALTH AND SAFETY CONSIDERATIONS



Extinguishing media which No restrictions known.

must not be used for safety
reasons

Unusual fire and explosion This product is not flammable.

hazards

Specific hazards None known.

Fire fighting Firefighters should wear full protective clothing including self contained breathing apparatus.

equipment/instructions Selection of respiratory protection for fire fighting: follow the general fire precautions indicated in
the workplace.

Specific mehtods In the event of fire, cool tanks with water spray. Move container from fire area if it can be done

without risk.

6. ACCIDENTAL RELEASE MEASURES

Containment procedures Collect and dispose of spillage as indicated in Section 13. Prevent entry into waterways, sewer,
basements or confined areas.

Personal precautions

Avoid inhalation of dust and contact with skin and eyes. Wear appropriate protective equipment

and clothing during clean-up. Local authorities should be advised if significant spillages cannot be

contained.

Environmental precautions Prevent further leakage or spillage if safe to do so. Do not contaminate water.

Methods for cleaning up Avoid dust formation. Collect powder using special dust vacuum cleaner with particle filter or
carefully sweep into closed container. For waste disposal, see Section 13.

7. HANDLING AND STORAGE

Handling Avoid inhalation of dust and contact with skin and eyes. Use only with adequate ventilation. Use
Personal Protective Equipment recommended in section 8 of the MSDS. Wash thoroughly after
handling. Observe good industrial hygiene practices.

Storage Store in tightly closed original container in a dry and cool place. Store in a closed container away
from incompatible material.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposure limit values

France
Components Type Value
Titanium dioxide (13463-67-7) VME 10 mg/m3
Germany
Components Type Value Form
Aluminium hydroxide (21645-51-2) AGW 10 mg/m3 Inhalable dust.
3 mg/m3 Respirable dust.
Silicon dioxide (7631-86-9) AGW 4 mg/m3 Inhalable fraction.
Titanium dioxide (13463-67-7) AGW 10 mg/m3 Inhalable dust.
3 mg/m3 Respirable dust.

Zirconium oxide (1314-23-4) AGW 1 mg/m3 Inhalable fraction.
Italy
Components Type Value Form
Aluminium hydroxide (21645-51-2) TWA 1 mg/m3 Respirable fraction.
Titanium dioxide (13463-67-7) TWA 10 mg/m3
Zirconium oxide (1314-23-4) STEL 10 mg/m3

TWA 5 mg/m3
Portugal
Components Type Value
Silicon dioxide (7631-86-9) TWA 10 mg/m3
Titanium dioxide (13463-67-7) TWA 10 mg/m3
Zirconium oxide (1314-23-4) STEL 10 mg/m3

TWA 5 mg/m3
Spain
Components Type Value
Silicon dioxide (7631-86-9) TWA 10 mg/m3
Titanium dioxide (13463-67-7) TWA 10 mg/m3

Tronox® Titanium Dioxide, All Grades

2835 Version No.: 01 Revision date: 22-December-2009 Print Data: 22-December-2009
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Components Type Value
Zirconium oxide (1314-23-4) STEL 10 mg/m3
TWA 5 mg/m3
United Kingdom
Components Type Value Form
Silicon dioxide (7631-86-9) TWA 6 mg/m3 Inhalable dust.
2.4 mg/m3 Respirable dust.
Titanium dioxide (13463-67-7) TWA 10 mg/m3 Inhalable
4 mg/m3 Respirable.
Zirconium oxide (1314-23-4) STEL 10 mg/m3
TWA 5 mg/m3

Exposure controls

Occupational exposure controls

Respiratory protection

Hand protection

Eye protection

Skin and body protection

General

Hygiene measures

Ventilate as needed to control airborne dust. Provide adequate ventilation. Observe Occupational
Exposure Limits and minimise the risk of inhalation of dust.

In case of inadequate ventilation or risk of inhalation of dust, use suitable respiratory equipment
with particle filter (type P2). Seek advice from local supervisor.

Risk of contact: Wear suitable gloves. Nitrile gloves are recommended. Suitable gloves can be
recommended by the glove supplier.

Wear dust-resistant safety goggles where there is danger of eye contact.
Wear appropriate clothing to prevent repeated or prolonged skin contact.

Personal protective equipment should be chosen according to the CEN standards and in
discussion with the supplier of the personal protective equipment.

Do not breathe dust. Always observe good personal hygiene measures, such as washing after
handling the material and before eating, drinking, and/or smoking. Routinely wash work clothing
and protective equipment to remove contaminants.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Physical state
Forum

Colour

Odour

Odour threshold
pH

Boiling point
Flash point
Flammability

Flammability limits in air,
upper, % by volume

Flammability limits in air,
lower, % by volume

Vapour pressure
Relative density
Solubility (water)

Partition coefficient
(n-octanol/water)

Viscosity

Vapour density
Evaporation rate

Melting point

Freezing point
Auto-ignition temperature
Bulk density

White powder.

Solid

Powder.

White.

Odourless.

Not available.

5-8.5 (10% slurry)
2500-3000 °C (4532-5432 °F)
Not available.

Not available.

Not available.
Not available.

Not available.
Not available.
Insoluble.

Not available.

Not available.

Not available.

Not available.

1830-1850 °C (3326-3362 °F)
Not available.

Not available.

800 kg/m? Approx. (@ 20 °C)

Tronox® Titanium Dioxide, All Grades

CPH SDS EU SIX

2835 Version No.: 01 Revision date: 22-December-2009 Print Data: 22-December-2009 3/5

ENGINEERED NANOPARTICLES — HEALTH AND SAFETY CONSIDERATIONS



10. STABILITY AND REACTIVITY

Conditions to avoid

Hazardous decomposition
products

Stability
Materials to avoid

Hazardous polymerisation

Avoid dust formation.

No hazardous decomposition products are known.

Material is stable under normal conditions.
None known.

Hazardous polymerisation does not occur.

11. TOXICOLOGICAL INFORMATION

Toxicological data

Components

Test results

Aluminium hydroxide (21645-51-2)
Routes of exposure

Chronic toxicity

Sensitisation

Carcinogenicity

IARC Monographs. Overall

Acute Oral LD50 Rat: >5000 mg/kg
Inhalation. Eye contact. Skin contact.

Frequent inhalation of dust over a long period of time may increase the risk of developing chronic
lung deseases and skin irritation.

Not a skin sensitiser.

Suspected of causing cancer. IARC has classified TIO2 as 2B Possibly carcinogenic to humans.
However, the only evidence of carcinogenicity is in rodents exposed to very high concentrations.
Two major epidemiology studies among titanium dioxide workers in the US and in EUROPE could
not demonstrate an elevated lung cancer risk.

Boffeta et al. Mortality among workers employed in the titanium dioxide production industry in
Europe. Cancer Causes Control. 2004 Sep:15(7):697-706.

Fryzek et al. A cohort mortality study among titanium dioxide manufacturing workers in the
United States. J Occup Environ Med. 2003 Apr:45(4):400-9.

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. IARC Monographs,
Volume 93 (Summary)

Evaluation of Carcinogenicity

Silicon dioxide (CAS 7631-86-9) 3 Not classifiable as to carcinogenicity to humans.

Titanium dioxide (CAS 1
Mutagenicity

Teratogenicity
Reproductivity
Epidemiology
Neurotoxicity
Local effects

Further information

3463-67-7) 2B Possibly carcinogenic to humans.

No data available to indicate product or any components present at greater than 0.1% are
mutagenic or genotoxic.

Not available.
Contains no ingredient listed as toxic to reproduction.
Not available.
Not available.
Dusts may irritate the respiratory tract, skin and eyes.

No other specific acute or chronic health impact noted.

12. ECOLOGICAL INFORMATION

Ecotoxicity

Environmental effects
Persistence and degradability
Bioaccumulation

Mobility

The product is not expected to be hazardous to the environment.

An environmental hazard cannot be excluded in the event of unprofessional handling or disposal.
The degradability of the product has not been stated.

Bioaccumulation is unlikely to be significant because of the low water solubility of this product.

The product is insoluble in water and will sediment in water systems.

13. DISPOSAL CONSIDERATIONS

Disposal instructions

Waste from residues / unused
products

Contaminated packaging

EU wastcodes

Disposal recommendations are based on material as supplied. Disposal must be in accordance
with current applicable laws and regulations, and material characteristics at time of disposal.
Dispose of this material and its container to hazardous or special waste collection point. Do not
allow this material to drain into sewers/water supplies.

Dispose of in accordance with local regulations.

Since emptied containers may retain product residue, follow label warnings even after container is
emptied.

06 1199

14. TRANSPORT INFORMATION

ADR

Not regulated as dangerous goods.

Tronox® Titanium Dioxide, All Grades

CPH SDS EU SIX
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IATA

Not regulated as dangerous goods.

IMDG

Not regulated as dangerous goods.

15. REGULATORY INFORMATION

Regulatory information

16. OTHER INFORMATION

Inventory status

Country(s) or region

Europe

Europe

The product does not need to be labelled in accordance with EC directives or respective national
laws. This Safety Data Sheet complies with the requirements of Regulation (EC) No 1907/2006.

Inventory name On inventory (yes/no)*
European Inventory of Existing Commercial Chemical Yes
Substances (EINECS)

European List of Notified Chemical Substances (ELINCS) No

* A “Yes” indicates that all components of this product comply with the inventory requirements administered by the governing country(s)

Recommended use

Further information

Bibliography

Disclaimer

Issue date

White pigment for applications in coatings, inks, fibers, plastics, paper, glass, vitreous enamels,
and ceramics.

Nanoparticle Statement — The average primary particle size of this product is larger than the
nanoparticle size range as described by ISO/TC 229 and should not be considered as
manufactured nanoparticles or nanomaterials. As with other particulate materials there will be a
distribution of particle sizes around the average and a small portion of these may be covered by
the nanoparticle definition. In this product, the primary particle size is in the 200-300 nm range.
However, the primary particle size does not represent the size of particles in this product as
supplied since these tend to aggregate or agglomerate into larger particles.

HSDB® - Hazardous Substances Data Bank
IARC Monographs. Overall Evaluation of Carcinogenicity

The information in the sheet was written based on the best knowledge and experience currently
available.

22-December-2009

Tronox® Titanium Dioxide, All Grades
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