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CHAPTER I: INTRODUCTION

OSHA's Preliminary Economic Analysis and Initial Regulatory Flexibility
Analysis (PEA) addresses issues related to the costs, benefits, technological and
economic feasibility, and the economic impacts (including impacts on small entities) of
the proposed beryllium rule and evaluates regulatory alternatives to the proposed rule.
When OSHA identifies a significant risk to workers, section 6(b)(5) of the Occupational
Safety and Health Act (OSH Act) directs OSHA to review the best available evidence
and select a standard that, to the extent feasible, ensures that employees will not suffer
material impairment of health or functional capacity. As OSHA drafts a beryllium
standard to fulfill its statutory directive, the Agency must also comply with a number of
procedural requirements.

Executive Orders 13563 and 12866 direct agencies to assess all costs and benefits
of available regulatory alternatives and, if regulation is necessary, to select regulatory
approaches that maximize net benefits (including potential economic, environmental,
public health and safety effects, distributive impacts, and equity), unless a statute requires
another regulatory approach. Executive Order 13563 emphasizes the importance of
quantifying both costs and benefits, of reducing costs, of harmonizing rules and of
promoting flexibility.

OSHA has determined that this proposed rule governing occupational
exposure to beryllium is an economically significant regulatory action under
section 3(f)(1) of Executive Order 12866. Accordingly, the Office of Regulatory

Analysis within OSHA has prepared this preliminary economic analysis (PEA)
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for the proposed rule. In developing this PEA, OSHA has endeavored to meet the
requirements of OMB’s Circular A-4 (OMB, 2003), a guidance document for
regulatory agencies preparing economic analyses under Executive Order 12866.

This rule has been reviewed by the Office of Information and Regulatory Affairs
in the Office of Management and Budget, as required by Executive Order 12866.

The purpose of this PEA is to:

e |dentify the establishments and industries potentially affected by the proposed
rule;

e Estimate current exposures and identify the technologically feasible methods of
controlling these exposures;

e Estimate the benefits resulting from employers coming into compliance with the
rule in terms of the reduction in fatal cases of lung cancer; fatal cases of chronic
beryllium disease (CBD), a non- malignant respiratory disease; and cases of CBD
morbidity;

e Evaluate the costs and economic impacts that establishments in the regulated
community will incur to achieve compliance with the proposed rule;

e Assess the economic feasibility of the rule for affected industries;

e Evaluate the principal regulatory alternatives to the proposed rule that OSHA has
considered; and

e Estimate the impacts of the final rule on small entities as defined by the Small
Business Administration (in accordance with the Regulatory Flexibility Act, as

amended in 1996).
This PEA includes all of the economic analyses OSHA is required to perform,
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including the findings of technological and economic feasibility and their supporting
materials required by the OSH Act as interpreted by the courts (in Chapters Il1, 1V, V,
and VI); those required by EO 12866 and EO13563 (primarily in Chapters 11, V, and
VI, though these depend on material in other chapters); and those required by the
Regulatory Flexibility Act (in Chapters VI, VIII, and X, though these depend, in part, on
materials presented in other chapters).

The rest of this chapter is devoted to a description of the need for a beryllium rule,
a discussion of the major provisions of the proposed rule, and a list of the chapters to
follow in this PEA. To develop this PEA, OSHA relied considerably on the support of
OSHA'’s contractor, Eastern Research Group (ERG). ERG’s individual work products

are referenced throughout this PEA.

REASONS WHY ACTION BY THE AGENCY IS BEING CONSIDERED

When establishing the need for an occupational safety and health standard, OSHA
must evaluate available data to determine whether or not workers will suffer a material
impairment of their health or functional capacity as a result of being exposed to a
particular safety or health hazard. Section 6(b)(5) of the Occupational Safety and Health
Act (OSH Act) directs OSHA to set the standard “. . . which 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 employee has
regular exposure to the hazard dealt with by such standard for the period of his working
life.” 29 U.S.C. 655(b)(5).

The Supreme Court, in reviewing previous OSHA standards, has also directed the

Agency to make a determination that . . . significant risks are present and can be
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eliminated or lessened by a change in practices” before promulgating any health or safety

standard. Indus. Union Dep’t, AFL-CIO v. Am. Petroleum Inst., 448 U.S. 607, 642

(1980). While the Supreme Court did not specify what constituted a “significant risk”
and considered that determination to be largely a policy decision for OSHA, the Court
did offer guidance, stating that a reasonable person might well consider a 1 in 1000 risk
of fatality to be significant. Id. at 655.

OSHA makes its material impairment and significant risk determinations by first
evaluating available data to identify hazards to which employees are exposed in the
workplace that are likely to induce material impairments of their health or functional
capacity. The Agency looks at a broad array of scientific data and assesses the overall
weight of evidence in making its significant risk determinations. In the next step, the
Agency looks at the overall quality of the data to identify studies or other data that are
useful in making quantitative estimates of the risk of those impairments of health among
exposed employees over their working life (as mandated by the OSH Act). While many
studies may add to the overall weight of evidence, often only select studies have suitable
information for quantitatively assessing risk.

The epidemiological literature on beryllium provides clear evidence that
beryllium is a human lung carcinogen. It includes multiple studies of U.S. beryllium
workers (Sanderson et al., 2001; Ward et al., 1992; Wagoner et al., 1980; and Mancuso et
al., 1979). Most recently, a NIOSH cohort study found significantly increased lung
cancer mortality among employees at seven beryllium processing facilities (Schubauer-
Berigan et al., 2011). Evidence supporting beryllium carcinogenicity comes from various

animal studies as well as in vitro genotoxicity and other studies (EPA, 1998; ATSDR,

1-4 Beryllium PEA



2002; Gordon and Bowser, 2003; NAS, 2008; Nickell-Brady et al., 1994; NTP, 1999 and
2005; IARC, 1993, 2009 and 2012). The International Agency for Research on Cancer
(IARC), National Toxicology Program (NTP), and American Conference of
Governmental Industrial Hygienists (ACGIH) have all classified beryllium as a known
human carcinogen (IARC, 2009).

Exposure to beryllium also leads to a non-malignant respiratory disease, CBD.
CBD develops when the body’s immune system reacts to the presence of beryllium in the
lung, causing a progression of pathological changes including chronic inflammation and
tissue scarring. CBD can also impair other organs such as the liver, spleen, and kidneys
and cause adverse health effects such as granulomas of the skin and lymph nodes and cor
pulmanale (enlargement of the heart) (Conradi et al., 1971; ACCP, 1965; Kriebel et al.,
1988a and b).

OSHA’s risk assessment for cancer relied in part on the seven-facility study
published by Schubauer-Berigan et al. (2011). The cohort was exposed, on average, to
lower levels of beryllium than those in most previous studies, had fewer short-term
employees, and had sufficient follow-up time to observe lung cancer in the population.
OSHA also identified several studies that provided exposure information and screening
results for beryllium sensitization (BeS) and/or CBD in cohorts of beryllium-exposed
employees. The Agency’s preliminary risk assessment for CBD was based on studies
conducted at a Tucson, AZ beryllium ceramics plant (Newman et al., 2001; Henneberger
et al., 2001; Cummings et al., 2007); a Reading, PA alloy processing plant (Schuler et al.,
2005; Thomas et al., 2009); a Cullman, AL beryllium machining plant (Kelleher et al.,

2001; Madl et al., 2007); and an EImore, OH metal, alloy, and oxide production plant
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(Kreiss et al., 1997; Bailey et al., 2010; Schuler et al., 2012), all of which demonstrate
significant risk from exposure at the current PEL and below. OSHA’s quantitative
estimates of risk at the current, proposed, and alternate PELs were based on the Cullman,
AL machining cohort, because this was the only cohort for which OSHA could examine
the effects of changes in airborne exposure independent of extensive respirator and PPE
use among exposed employees. Using data from a specific worker cohort to determine
the risk to exposed employees has been upheld on judicial review in other standards
regulating employee exposure to other toxic substances. It is also an accepted scientific
approach used by other regulatory and non-regulatory entities in making decisions
regarding public health.

Based on a variety of relative risk models fit to the seven-plant cohort, NIOSH
estimated that the excess lifetime lung cancer risk to employees exposed over a working
life of 45 years at the current permissible exposure limit (PEL) of 2 pg/m?® is between 33
and 200 deaths per 1,000 employees. Reducing the PEL to the proposed PEL of 0.2
ng/m? is expected to achieve a substantial reduction of lung cancer risk, to a range
estimated to be between 2.7 and 33 deaths from lung cancer per 1,000 employees. A
proportional hazards model fit to the Cullman, AL machinist data estimated a lifetime
CBD risk between 96 and 313 per 1000 employees exposed for 45 years at the current
PEL. At the proposed PEL, the model estimate is between 8 and 30 per 1000 employees.

Overall, OSHA estimates that the proposed rule would prevent 97 fatalities
annually—93 from CBD, and 4 from lung cancer—and an additional 50 cases of non-

fatal CBD annually. These estimates are based on exposures over a 45-year working life.
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Finally, it should be noted that the U.S. Congress has already recognized the
dangers of beryllium exposure. Congress passed the Energy Employees Occupational
Iliness Compensation Program Act (EEOICPA) in 2000 to address occupational harm to
workers from exposure to beryllium. The EEOICPA provides compensation to
Department of Energy (DOE) workers and workers employed by DOE contractors and
vendors for beryllium-related health effects resulting from exposure on the job. So far,
the program, which the Department of Labor administers, has accepted over 2,200
individual cases of beryllium-related health effects and awarded over 1,600 workers more
than $21 million in medical costs for cases that only involve beryllium-related health
effects (information from U.S. Department of Labor, Office of Workers’ Compensation
Programs). There are also more compensated cases involving multiple causes, which
include beryllium-related health effects. As is the case for most occupational illnesses,
especially long-term, or chronic, illnesses, workers with beryllium-related health effects
were very unlikely to qualify for workers’ compensation benefits before EEOICPA.
Workers were neither protected from the risks of occupational beryllium exposure nor
compensated for loss of income and health.

Subsequently, DOE established its own beryllium regulation to protect its own
workers as well as contract workers. The DOE regulation is similar to OSHA’s proposed
standard in many respects (see 64 FR 68854, Dec. 8, 1999). Its action level of 0.2 pg/m*
is the same as OSHA’s proposed PEL. Although DOE’s program has reduced the
frequency of beryllium-related health effects (the effectiveness of the DOE program is
discussed in Chapter VII: Benefits of this PEA), some workers have still become

sensitized to beryllium and developed CBD. In recognition that its employees may not
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be fully protected, DOE has included in its regulations a requirement that covered
employers must comply with any more stringent PEL established by OSHA in
rulemaking (10 CFR 850.22). Moreover, this DOE regulation does not eliminate the
need for beryllium exposure regulation in the workplace; OSHA’s proposed beryllium

standard would only apply in workplaces not covered by the DOE beryllium rule.

SUMMARY OF THE PROPOSED STANDARD FOR BERYLLIUM

OSHA has developed a comprehensive standard to protect employees from
exposure to beryllium in general industry. The proposed standard contains a time-
weighted average permissible exposure limit (PEL), short-term exposure limit (STEL),
and other requirements, including: employee exposure assessment, beryllium work areas
and regulated areas, methods of compliance, respiratory protection, personal protective
clothing and equipment, hygiene areas and practices, housekeeping, medical surveillance,
medical removal, communication of beryllium hazards to employees, and recordkeeping.

The text below summarizes the requirements contained in the proposed standard.

(a) Scope and application

The proposed standard would apply to all workplaces where there is occupational
exposure to beryllium within general industry, with two limitations. It would not apply to
articles, as defined in the Hazard Communication standard (HCS) (29 CFR
1910.1200(c)), containing beryllium that the employer does not process. And, it would

not apply to materials containing less than 0.1% beryllium by weight.
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(b) Definitions

The definitions section explains important terms used in the proposed standard,

b AN1Y b1

such as “action level”, “beryllium work area”, “exposure”, “regulated area,” and others.

(c¢) Permissible Exposure Limit (PEL)

OSHA'’s proposed time-weighted average (TWA) PEL and STEL are expressed in
units of microgram(s) per cubic meter of air (ug/m°). The Agency is proposing a TWA
PEL of 0.2 ug/m°, calculated as an 8-hour time-weighted average, and is considering
alternative TWA PELs of 0.5 pg/m® and 0.1 ug/m®. The proposed STEL is 2.0 ug/m?,
measured over a sampling period of 15 minutes and equal to ten times the proposed TWA
PEL of 0.2 pg/m®. The Agency is considering alternative STELs equal to five times the
proposed TWA PEL, or to five or ten times the alternative TWA PELSs.

Health risk data and analyses indicate that there is significant risk of CBD and
lung cancer associated with exposure to 0.5 ug/m? beryllium over a working lifetime.
Although OSHA s still evaluating the scientific evidence underlying these risk analyses,
OSHA has made a preliminary decision not to consider an alternative PEL greater than
0.5 ug/m’.

In this proposed rule, OSHA is also setting an action level of 0.1 ug/m®. In the
proposed standard, as in previous OSHA standards, the provisions for initial and periodic
exposure monitoring are only triggered once the action level is reached or exceeded.
Thus, employers may be able to considerably reduce the burden of complying with the
proposed monitoring requirement by reducing employee exposures below the action

level.
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(d) Exposure Assessment

This paragraph of the proposed standard has provisions for conducting an initial
exposure assessment, for performing periodic and additional exposure monitoring, and
for observing monitoring. Each employer is required to conduct an assessment of the
work site to determine if employees are exposed to levels of beryllium at or above the
action level, or above the TWA PEL or STEL. The purpose of this assessment is to
determine not only whether or not engineering and work practice controls are required to
meet the TWA PEL and STEL, but also whether certain provisions of the proposed
standard—such as medical surveillance, periodic monitoring, or respiratory protection—
would be needed. Airborne exposures would be measured by personal breathing zone air
samples.

In cases when the employer has conducted exposure monitoring in the past, when
the current work operations, workplace conditions, and beryllium-containing material
used still closely resemble those present when the previous exposure monitoring was
conducted, and the employer has satisfied all other requirements within this section, the
results of previous monitoring may be used to satisfy the initial monitoring provision.

In addition, in cases where the employer has objective data demonstrating that beryllium
is not capable of being released in concentrations that meet or exceed the action level or
exceed the STEL, the employer may rely upon such data to satisfy the initial exposure
assessment requirements of this section.

If the initial monitoring indicates that employee exposures are at or above the
action level and at or below the TWA PEL, the employer must conduct periodic exposure

monitoring at least annually. The employer is not required to conduct periodic exposure
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monitoring for employees whose initial monitoring results show exposure levels below
the action level or above the TWA PEL.

Additional monitoring is required when there is a change in the production
process, equipment, personnel, work practices, or control methods that may result in new
or additional exposures to beryllium, or when the employer has any other reason to
believe that new or additional exposure is occurring.

The proposed standard requires employers to notify employees of the results of an
exposure assessment within 15 days of completing an assessment. This notification may
be made individually in writing or by posting the results in a location that is accessible to
all employees whose exposure is measured or represented by the exposure assessment.
Where exposure levels are above the TWA PEL or STEL, the employer is required to
describe in the written notification the corrective action being taken to lower the exposure
levels below the TWA PEL and STEL.

In addition, the proposed standard sets forth accuracy criteria for exposure
monitoring methods used to conduct monitoring required by the standard. Employers are
required to provide affected employees or their designated representatives with an
opportunity to observe any monitoring of employees for exposure to beryllium. The
employer is also required to provide appropriate personal protective equipment (PPE) at
no cost to the observer(s) and to ensure that each observer uses the provided PPE and
complies with all applicable OSHA requirements and the employer’s workplace safety

and health procedures.
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(e) Beryllium Work Areas and Regulated Areas

To minimize any unnecessary employee exposures, the proposed standard
requires employers to establish and maintain a beryllium work area wherever employees
are, or can reasonably be expected to be, exposed to airborne beryllium. The proposed
standard also requires employers to establish and maintain a regulated area wherever
employees are, or can reasonably be expected to be, exposed to airborne beryllium at
levels above the TWA PEL or STEL.

The proposed standard requires employers to identify each beryllium work area
through signs or other methods that adequately establish and inform employees of its
boundaries. Employers are required to identify regulated areas in accordance with
paragraph (m)(2) of the proposed standard. Employers must limit access to regulated
areas to persons authorized or required to work in them, designated representatives of
employees for the purpose of observing exposure monitoring, and persons authorized by
law to be in a regulated area. The employer must provide necessary respiratory
protection and other PPE to each employee entering a regulated area and must ensure that
the equipment is used in accordance with paragraphs (g) and (h) of the beryllium

standard, respectively.

(f) Methods of Compliance

The proposed standard requires employers to establish, implement, and maintain a
written exposure control plan for beryllium work areas, including: an inventory of
operations and job titles that have beryllium exposure; an inventory of operations and job
titles that have exposure at or above the action level, and those that may have exposure
above the TWA PEL or STEL; an inventory of required engineering and work practice

1-12 Beryllium PEA



controls; procedures for minimizing cross-contamination and migration of beryllium out
of beryllium work areas; procedures for keeping surfaces in beryllium work areas as free
as practicable of beryllium; and procedures for removal, laundering, storage, cleaning,
repairing, and disposal of beryllium-contaminated personal protective clothing and
equipment, including respirators. Employers must update the exposure control plan when
they have reason to believe there are new or additional beryllium exposures, such as a
change in production processes, materials, equipment, personnel, work practices, or
control methods, and when an employee is confirmed positive for beryllium sensitization,
is diagnosed with CBD, or shows signs or symptoms of beryllium exposure. A copy of
the exposure control plan must be accessible to all employees who are, or can reasonably
be expected to be, exposed to airborne beryllium.

The proposed standard also requires that employers use one or more of the
following engineering and work practice controls to minimize employee exposure in
beryllium work areas: (1) material and/or process substitution; (2) ventilated partial or
full enclosures; (3) local exhaust ventilation; or (4) process controls, such as wet methods
and automation. Employers who can establish that such controls are not feasible, or who
can demonstrate that employees’ exposures are below the action level, are exempt from
this requirement. If, after implementing one or more of these controls, exposures exceed
the TWA PEL or STEL, the employer must implement additional or enhanced
engineering and work practice controls to reduce exposures to or below the TWA PEL
and STEL, unless the employer can demonstrate that such controls are not feasible.
Wherever feasible engineering and work practice controls are not sufficient to reduce

employee exposure to the PEL, the employer must use them to reduce employee exposure
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to the lowest level feasible and supplement them with respiratory protection. The
proposed standard prohibits employers from rotating employees to different jobs to

achieve compliance with the PEL or STEL.

(2) Respiratory Protection

The proposed standard requires employers to provide at no cost, and to ensure that
employees use, respiratory protection during: (1) periods necessary to install or
implement feasible engineering and work practice controls where exposures exceed, or
can reasonably be expected to exceed, the TWA PEL or STEL; (2) operations, including
maintenance and repair activities and non-routine tasks, where meeting the PEL with
engineering and work practice controls is not feasible and exposures exceed, or can
reasonably be expected to exceed, the TWA PEL or STEL,; (3) work operations for which
an employer has implemented all feasible engineering and work practice controls and
these controls do not reduce exposures to or below the TWA, PEL or STEL; and
(4) emergencies. The use of respiratory protection required by this standard must be in

accordance with the Respiratory Protection Standard (29 CFR 1910.134).

(h) Personal Protective Clothing and Equipment

The proposed standard requires employers to provide at no cost, and ensure that
employees use, appropriate personal protective clothing and equipment (PPE) in
accordance with the written exposure control plan required under paragraph (f) of the
standard and OSHA’s Personal Protective Equipment standards (29 CFR Part 1910
Subpart I) where any of the following occurs: (1) where employee exposure exceeds, or

can reasonably be expected to exceed, the TWA PEL or STEL; (2) where employees’
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clothing or skin may become visibly contaminated with beryllium, including during
maintenance and repair activities or during non-routine tasks; or (3) where employees’
skin can reasonably be expected to be exposed to soluble beryllium compounds.
Employers must ensure that employees remove all beryllium-contaminated PPE at the
end of the work shift or at the completion of tasks involving beryllium, whichever comes
first, or when PPE becomes visibly contaminated with beryllium. Employers must ensure
that PPE visibly contaminated with beryllium is removed as specified in the exposure
control plan required by paragraph (f) of the standard and that employees store and keep
required protective clothing separate from street clothing. Employers must ensure that
employees do not remove beryllium-contaminated PPE from the workplace, except for
employees authorized to do so for laundering, cleaning, maintaining, or disposing of
beryllium-contaminated PPE. Employers must ensure that, when PPE is removed for
these purposes, it is stored and transported in sealed bags or other closed containers that
are impermeable and labeled in accordance with paragraph (m)(3) of this standard and
the Hazard Communication standard (29 CFR 1910.1200).

Employers must ensure that all reusable PPE required by this standard is cleaned,
laundered, repaired, and replaced as needed to remain effective, and that beryllium is not
removed from PPE by blowing, shaking, or other means that disperses beryllium into the
air. Employers must inform in writing persons or businesses who launder, clean, or
repair PPE required by this standard of the potentially harmful effects of exposure to
airborne beryllium and contact with soluble beryllium compounds, and that the PPE must

be handled in accordance with this standard.
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(i) Hygiene Areas and Practices

The proposed standard requires employers to provide readily accessible washing
facilities for employees who work in beryllium work areas to remove beryllium from the
hands, face, and neck, and ensure that employees exposed to beryllium use these facilities
when necessary. In addition, employers must provide employees with a designated
change room and washing facilities in accordance with this standard and the Sanitation
standard (29 CFR 1910.141) where employees are required to remove their personal
clothing. Employers must provide showers that comply with the requirements of the
Sanitation standard where two requirements are met: (1) exposure exceeds, or can
reasonably be expected to exceed, the TWA PEL or STEL, and (2) beryllium can
reasonably be expected to contaminate employees’ hair or body parts other than hands,
face, and neck. Where showers are required, employers must ensure that each employee
shower at the end of the work shift or work activity if the employee reasonably could
have been exposed above the TWA PEL or STEL and if beryllium could reasonably have
contaminated the employee’s hair or body parts other than hands, face, and neck.

Whenever the employer allows employees to consume food or beverages in a
beryllium work area, the employer shall ensure that surfaces in eating and drinking areas
are as free as practicable of beryllium; that no employee in an eating and drinking area is
exposed to airborne beryllium at or above the action level; and that eating and drinking
facilities provided by the employer are in accordance with the Sanitation standard. The
employer must ensure that no employees eat, drink, smoke, chew tobacco or gum, or
apply cosmetics in regulated areas, and that no employees enter an eating or drinking area

with PPE unless surface beryllium has been removed from the PPE.

1-16 Beryllium PEA



(i) Housekeeping

The proposed standard requires employers to maintain all surfaces in beryllium
work areas as free as practicable of accumulations of beryllium and in accordance with
the exposure control plan required under paragraph (f) and the cleaning methods required
in paragraph (j) of the standard. Employers must ensure that all spills and emergency
releases of beryllium are cleaned up promptly and in accordance with the exposure
control plan and required cleaning methods.

The cleaning methods required by paragraph (j) are as follows: (1) surfaces in
beryllium work areas must be cleaned by HEPA-filter vacuuming or other methods that
minimize the likelihood and level of beryllium exposure; (2) employers must not allow
dry sweeping or brushing for cleaning surfaces in beryllium work areas unless HEPA-
filtered vacuuming or other exposure-minimizing methods have been tried and were not
effective; (3) employers must not allow the use of compressed air for cleaning beryllium-
contaminated surfaces unless it is used with a ventilation system designed to capture the
airborne particulates that result from using compressed air; (4) where dry sweeping,
brushing, or compressed air is used to clean beryllium-contaminated surfaces, employers
must provide and ensure employees’ use of respiratory protection and PPE in accordance
with this standard; and (5) the employer must ensure that cleaning equipment is handled
and maintained so as to minimize the likelihood and level of employee exposure and the
re-entrainment of airborne beryllium in the workplace.

Employers must ensure that waste, debris, and materials visibly contaminated
with beryllium and consigned for disposal are disposed of in sealed, impermeable

enclosures, such as bags or containers. These bags or containers must be labeled in
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accordance with paragraph (m)(3) of this standard. Materials designated for recycling
that are visibly contaminated with beryllium must be cleaned to remove visible
particulate, or placed in sealed, impermeable enclosures labeled in accordance with

paragraph (m)(3).

(k) Medical Surveillance

The proposed standard requires employers to make medical surveillance
available, at no cost to the employee and at a reasonable time and place, for those
employees who (1) worked in regulated areas for more than 30 days in the previous 12
months; (2) show signs or symptoms of CBD; or (3) were exposed to beryllium during an
emergency.! Employees meeting one or more of these conditions must be offered a
medical examination and any other test deemed appropriate by the physician or licensed
health care professional (PLHCP). The medical examination must be offered to an
eligible employee within 30 days after determining that the employee has worked in a
regulated area for more than 30 days in the previous 12 months; or within 30 days of
showing signs or symptoms of CBD or exposure in an emergency. The examinations
must be offered annually thereafter, so long as the employee continues to meet the
eligibility criteria; and at the termination of employment, unless the employee’s last
medical examination was provided within the previous 6 months.

The medical examination must include a physical examination with emphasis on
the respiratory tract; a physical examination for skin breaks and wounds; pulmonary

function tests, including forced vital capacity and forced expiratory volume at one (1)

! Limited medical testing must also be provided to employees exposed to airborne beryllium above
2 pg/m® for more than 30 days in a 12-month period for 5 years or more.
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second (FEV1); and a beryllium lymphocyte proliferation test (BeLPT) upon the first
examination and within every 2 years from the first examination, ending if and when the
employee is found to be sensitized. If a more reliable and accurate test for beryllium
sensitization is developed, that test may be used in lieu of the BeLPT. The medical
examination must also include an evaluation of the employee’s medical and work history,
with emphasis on past and present exposure, smoking history, and any history of
respiratory system dysfunction.

After an employer learns that an employee is sensitized to beryllium, the
employee will consult with the employer’s designated physician and, if desired, be
provided evaluation for CBD at a CBD diagnostic center at no cost to the employee.

In addition, employees who were exposed to airborne beryllium above 0.2 ug/m®
for more than 30 days in a 12-month period for 5 years or more must be offered a low
dose helical tomography (CT) scan biennially for the duration of their employment. This
obligation begins on the start-up date of the standard or on the 15" year after the
employee’s first exposure above 0.2 ug/m® for more than 30 days in a 12-month period,
whichever is later.

The employer is required to ensure that the PLHCP has a copy of the standard and
all appendices, and must provide the following information, if known: (1) a description of
the employee’s former and current duties that relate to the employee’s occupational
exposure; (2) the employee’s former and current levels of occupational exposure; (3) a
description of any PPE used, including respirators, and when and for how long they were

used; and (4) information from records of employment-related medical examinations
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previously provided to the employee, currently within the control of the employer, after
obtaining a medical release from the employee.

The employer is required to obtain a written medical opinion from the licensed
physician within 30 days of the medical exam. The written opinion must explain:
(1) whether the employee has any detected medical condition that would place the
employee at increased risk of CBD from further exposure to beryllium; (2) any
recommended limitations on the employee’s exposure, including the use and limitations
on use of respirators or other PPE; and (3) a statement that the PLHCP has explained to
the employee the results of the medical examination, including any tests conducted, any
medical conditions related to exposure that require further evaluation or treatment, and
any special provisions for use of protective clothing or equipment. The employer must
provide a copy of the licensed physician’s written medical opinion to the employee
within 2 weeks after receiving it, and must ensure that neither the licensed physician nor
any other PLHCP reveals to the employer specific findings or diagnoses unrelated to
exposure to airborne beryllium or contact with soluble beryllium compounds.

Upon request by OSHA, employers must convey employees’ beryllium
sensitization test results to OSHA for evaluation and analysis. Employers must remove
employees’ names, social security numbers, and other personally identifying information

from the test results before conveying them to OSHA.

() Medical Removal

If an employee works in a job with exposure at or above the action level and is
diagnosed with CBD or confirmed positive for beryllium sensitization, the employee is

eligible for medical removal. The employee may choose to be removed from exposure at
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or above the action level, or to remain in a job with exposure at or above the action level
and wear a respirator in accordance with the Respiratory Protection standard (29 CFR
1910.134).

If the employee chooses medical removal, the employer must remove the
employee to comparable work in an environment where exposure is below the action
level, for which the employee is qualified or can be trained within 1 month. The
employee must accept comparable work if it is available. If comparable work is not
available, the employer must place the employee on paid leave for 6 months or until
comparable work becomes available, whichever comes first. Whether the employee is
removed to comparable work or placed on paid leave, the employer must maintain for 6
months the employee’s base earnings, seniority, and other rights and benefits that existed
at the time of removal. The employer’s obligation to provide medical removal protection
benefits to a removed employee shall be reduced to the extent that the employee receives
compensation for earnings lost during the period of removal from a publicly or employer-
funded compensation program, or receives income from another employer made possible

by virtue of the employee’s removal.

(m) Communication of Hazards

The proposed standard requires chemical manufacturers, importers, distributors,
and employers to comply with all requirements of the HCS (29 CFR 1910.1200) for
beryllium. This is not a new requirement, as the HCS requires that hazardous chemicals
such as beryllium be included in the employer’s hazard communication program.

Employers must ensure that each employee has access to labels on containers of

beryllium and to safety data sheets, and is trained in accordance with the provisions of the
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HCS and paragraph (m) of the proposed standard. In classifying the hazards of
beryllium, the employer must address at least the following hazards: cancer; lung effects
(CBD and acute beryllium disease); beryllium sensitization; skin sensitization; and skin,
eye, and respiratory tract irritation.

The employer must provide and display legible, readily visible warning signs at
each approach to a regulated area so that each employee is able to read and understand
the signs and take necessary protective steps before entering the area. These warning
signs must bear the legend specified in paragraph (m) of the proposed standard. The
employer must label each bag and container of clothing, equipment, and materials visibly
contaminated with beryllium consistent with the HCS and must include the minimum
information specified in paragraph (m).

The employer must provide information and training in accordance with the HCS
to each employee who is or can reasonably be expected to be exposed to airborne
beryllium, by the time of the employee’s initial assignment. The employer must repeat
the training required under this section annually for each employee and must ensure that
each exposed employee can demonstrate knowledge of at least the following: health
hazards associated with beryllium exposure, including signs and symptoms of CBD; the
written exposure control plan; the purpose, proper selection, fitting, use, and limitations
of PPE, including respirators; emergency procedures; measures employees can take to
protect themselves from beryllium exposure, including personal hygiene practices; the
medical surveillance and medical removal protection programs; the contents of the
beryllium standard; and the employee’s right of access to records under the Records

Access standard (29 CFR 1910.1020). When a workplace change results in new or
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increased employee exposure exceeding either the TWA PEL or the STEL, the employer
must provide additional training to those employees affected by the change in exposure.
The employer must make a copy of this standard and its appendices readily available at

no cost to employees and designated employee representatives.

(n) Recordkeeping

The employer is responsible for maintaining a record of employee exposure
measurements, objective data, and employee medical surveillance information. Exposure
and medical records must be maintained in accordance with 29 CFR 1910.1020.

For records of exposure measurements, the proposed standard requires that the
records include the date when each sample was taken; the operation involving exposure
to beryllium that was monitored; the sampling and analytical methods used and evidence
of their accuracy; the number, duration, and results of the samples; type of PPE,
including respirators, used by the employee at the time of monitoring; and name, social
security number, and job classification of all employees represented by the monitoring,
indicating which employees were actually monitored.

The employer must establish and maintain an accurate record of any historical
data used to satisfy the initial monitoring requirements of this standard. The record must
demonstrate that the data comply with the requirements of paragraph (d) of the standard
and must be maintained as required by the Records Access standard.

Where an employer uses objective data to satisfy the monitoring requirements of
the standard, the employer must establish and maintain a record of the objective data
relied upon, including at least the following information: the data relied upon; the

beryllium-containing material in question; the source of the objective data; a description
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of the operation exempted from initial monitoring and how the data support the
exemption; and other information demonstrating that the data meet the requirements for
objective data in paragraph (d) of this standard.

The proposed standard requires employers to establish and maintain records of
each employee covered by medical surveillance. The information maintained should
include: name, social security number, and job classification of the employee; a copy of
all licensed physicians’ written opinions; and a copy of the information provided to the
PLHCPs as required by the medical surveillance section of the standard.

At the completion of any training required by this standard, the employer must
prepare a record of the name, social security number, and job classification of each
employee trained, the date the training was completed, and the topic of the training. This
record must be maintained for 3 years after the completion of training.

Upon request, the employer shall make all records maintained as a requirement of
this standard available for examination and copying to the Assistant Secretary of OSHA,
the Director of NIOSH, each employee, and each employee’s designated representative(s)

in accordance with the Records Access standard (29 CFR 1910.1020).

(o) Dates

Employers are required to comply with effective dates and start-up dates set forth
in the proposed rule for certain provisions. The proposed effective date is 60 days after
publication of the final standard in the Federal Register. All obligations of the final
standard would become enforceable 90 days after the effective date, except for (1) change
rooms required by paragraph (i), which must be provided no later than 1 year after the

effective date; and (2) engineering controls required by paragraph (f) of this standard,
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which must be implemented no later than 2 years after the effective date.

THE REST OF THIS PEA

Following this Introduction, the PEA contains the following chapters:

e Chapter Il: Assessing the Need for Regulation

e Chapter IlI: Profile of Affected Industries

e Chapter IV: Technological Feasibility

e Chapter V: Costs of Compliance

e Chapter VI: Economic Feasibility Analysis and Regulatory Flexibility
Determination

e Chapter VII: Benefits and Net Benefits

e Chapter VIII: Regulatory Alternatives

e Chapter IX: Initial Regulatory Flexibility Analysis
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CHAPTER II: ASSESSING THE NEED FOR REGULATION

INTRODUCTION

The stated purpose of the OSH Act is to “assure so far as possible every working man
and woman in the Nation safe and healthful working conditions and to preserve our human
resources” (29 U.S.C. 651(b)). Section 2(b)(3) of the OSH Act specifically authorizes “the
Secretary of Labor to set mandatory occupational safety and health standards applicable to
businesses affecting interstate commerce” (29 U.S.C. 651(b)(3)). This congressional mandate
provides the authority for OSHA’s standard for respirable beryllium, which is designed to
minimize workers’ significant risk of adverse health effects associated with occupational
exposure to this hazardous substance.

Section 6(b)(5) of the OSH Act requires the Secretary of Labor, when promulgating
health standards, to set the standard at the level “which 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 . . ..” (29 U.S.C. 655(b)(5)). In its Benzene decision,

the Supreme Court more precisely interpreted this language to mean that OSHA’s health
standards must reduce a “significant risk” of material health impairment, subject to other

regulatory constraints such as economic and technological feasibility (Indus. Union Dep't, AFL-

CIO v. Am. Petroleum Inst., 448 U.S. 607, 639-40 (1980) (Benzene)).

The Agency has preliminarily determined that employees across a range of industries are
exposed to levels of airborne beryllium that result in a significant risk that they will develop
beryllium sensitization (BeS), chronic beryllium disease (CBD), lung cancer, and premature
death. Published studies and exposure data submitted in the record from industrial facilities
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involved in beryllium work show that occupational exposure to a variety of beryllium
compounds at levels below the current PEL poses a significant risk to workers of developing
CBD. OSHA'’s preliminary risk assessment, presented in Section V1 of the preamble, indicates
that there is significant risk of beryllium sensitization and CBD from a 45-year (working life)
exposure to beryllium at the current TWA PEL of 2 ug/m®. The risk assessment further indicates
that there is significant risk of lung cancer to workers exposed to beryllium at the current TWA
PEL of 2 ug/m®. This preliminary determination is based on risk models developed by NIOSH
and discussed in the preamble at Section VI, Preliminary Beryllium Risk Assessment. OSHA
has preliminarily determined that compliance with the proposed PELs will substantially reduce
those risks (see Section VI of the preamble, Preliminary Beryllium Risk Assessment). A
significant risk of these diseases in the workplace establishes the need for the Agency’s remedy:
to increase worker protection from exposure to beryllium.

As shown in Chapter VI of this PEA, the Agency estimates that the proposed beryllium
standard would prevent 96 deaths and 50 non-fatal cases of CBD annually.

In addition to meeting the statutory obligations of the OSH Act described above, OSHA
must promulgate regulations in accordance with White House directives, including Executive
Order 12866 (58 FR 51735, September 30, 1993) and Executive Order 13563 (76 FR 3821,
January 18, 2011). These executive orders direct regulatory agencies to assess whether, from a
legal or an economic view, a Federal regulation is needed. For example, as Executive Order
12866 states:

Section 1. Statement of Requlatory Philosophy and Principles.

(a) The Regulatory Philosophy. Federal agencies should promulgate only such

regulations as are required by law, are necessary to interpret the law, or are
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made necessary by compelling public need, such as material failures of
private markets to protect or improve the health and safety of the public, the
environment, or the well-being of the American people.

As discussed in this chapter, OSHA believes there is a failure of private markets to
protect the health of workers by exposing them to unnecessarily high levels of beryllium. In
making this statement, the Agency recognizes that many firms have responded to the risks posed
by exposure to beryllium by implementing control programs for their workers. For these firms
and these workers, the economic incentives provided by private markets appear to be working
effectively. Nevertheless, the effectiveness of private markets in providing the optimal level of
worker health and safety is not necessarily universal.

The discussion below considers why private markets, as well as information
dissemination programs, workers’ compensation systems, and tort liability options, each may fail
to protect workers from beryllium exposure, resulting in the need for a more protective OSHA

beryllium rule.

PRIVATE MARKETS

In the United States, the preferred mechanism for making economic decisions and taking
economic actions is generally considered to be the private market. Under suitable conditions, a
market system is economically efficient in the following sense: resources are allocated where
they are most highly valued; the appropriate mix of goods and services, embodying the desired
bundle of characteristics, is produced; and further improvements in the welfare of any member of

society cannot be attained without making at least one other member worse off.
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Economic theory, supported by empirical data, states that in the job market employers
and workers bargain over the conditions of employment, including not only salary and other
worker benefits, but also occupational risks to worker safety and health. Employers compete
among themselves to attract workers. In order to induce workers to accept hazardous jobs,
employers must offer a higher salary—termed a “wage premium for risk” or “risk premium” for
short—to compensate for the additional job risk.? Because they must pay higher wages for more
hazardous work, employers have an incentive to make the workplace safer by making safety-
related investments in equipment and training or by using more costly but safer work practices.
According to economic theory, the operation of the private job market will provide the optimal
level of occupational risk when each employer’s additional cost for job safety just equals the
avoided payout in risk premiums to workers.

However, for the job market to function in a way that leads to optimal levels of
occupational risk, three conditions must be satisfied. First, workers, as well as employers, must
have perfect information—that is, they must be fully informed about their workplace options,
including job hazards, or be able to costlessly acquire such information. Second, participants in
the job market must directly bear all of the costs and obtain all of the benefits of their actions. In
other words, none of the direct impacts of job market transactions can be externalized to outside
parties. Third, the relevant job market must be perfectly competitive, which means it must
contain such a large number of employers and such a large number of workers that no individual

economic agent is able to influence the risk-adjusted wage.

% The concept of compensating wage differentials for undesirable job characteristics, including
occupational hazards, goes back to Adam Smith’s The Wealth of Nations, which was originally published in 1776.
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In addition, the working of the job market, even if not subject to market imperfections,
may sometimes lead to socially sub-optimal outcomes when important social values transcend
the market. In such cases, government intervention might be justified to address a compelling
public need (OMB, 2003, page 4).

The discussion below examines (1) imperfect information, (2) externalities, (3) imperfect
competition, and (4) compelling social need in the job market in more detail, with particular

emphasis on worker exposure to beryllium, as appropriate.’

(1) Imperfect Information

As described below, imperfect information about job hazards is present at several levels
that reinforce each other: employers frequently lack knowledge about workplace hazards and
how to reduce them; workers are often unaware of the workplace health and safety risks to which
they are exposed; and workers typically have difficulty in understanding the risk information
they are able to obtain. Imperfect information at these various levels has likely impeded the
efficient operation of the job market as far as workplace risk is concerned. The reason is that
workers unaware of job hazards do not seek, or receive, full compensation for the risks they bear,
and, as a result, employers have less incentive to invest in safer working conditions than they
would in the presence of full information.

Lack of Employer Information
In the absence of regulation, employers may lack economic incentives to optimally

identify the health risks that their workers face.* Furthermore, employers may have some

® The section on workers’ compensation insurance later in this chapter identifies and discusses other related
market imperfections.
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incentive to withhold the information they do possess about job hazards from their workers,
whose response would be to demand higher wages to compensate for the risk. Similarly,
employers who develop cost-effective methods of reducing workplace risk have little incentive
to share information with their competitors about such methods (unless they are patentable).> As
a result, without regulation, many employers are unlikely to make themselves aware of the
magnitude of beryllium-related health risks in the workplace or of the availability of effective
ways of ameliorating or eliminating these risks.
Lack of Worker Information

Even without information from their employers, workers might reasonably be cognizant,
at least at some simple qualitative level, of many occupational safety hazards. Many safety
hazards are obvious to the eye, such as holes in floors, ice and snow covered work surfaces, and
work near electrical power lines. Likewise, workers can expect that activities involving
explosive materials or working at heights are inherently dangerous. Furthermore, workers can
develop some, admittedly limited, knowledge of safety hazards in their workplace from their

own and their coworkers’ on-the-job accident and injury experience.

The same is less likely for occupational health hazards. Whereas the relationship
between a workplace accident and the resultant injury is both immediate and visible, the
connection between exposure to an occupational health hazard and the resultant disease may not

be. Most diseases have multiple potential causes and may be the result of synergistic effects,

* Other private parties may lack sufficient incentives to invest resources to collect and analyze occupational
risk data due to the public-good nature of the information. See Ashford and Caldart (1996), p. 234.

> Relatedly, in the absence of regulation, employers, as well as third parties, may have less-than-optimal
incentives to develop new technological solutions to protect workers on the job. For evidence of regulatory stimuli
inducing innovations to improve worker health and safety, see, for example, Ashford, Ayers, and Stone (1985), as
well as more recent evidence from OSHA’s regulatory reviews under section 610 of the Regulatory Flexibility Act
(5 U.S.C. 610).
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thus creating difficulties in ascertaining whether a worker’s disease is job-related rather than an
“ordinary disease of life” resulting from genetic, physiological, lifestyle, or non-occupational
environmental factors.

In the case of beryllium, causation is less of an issue since BeS and CBD are uniquely
associated with occupational beryllium exposure.® However, the symptoms of CBD are similar
to other types of respiratory disease, and CBD has been misdiagnosed as sarcoidosis in the
absence of specialized testing. In addition, lung cancer—although this particular disease
represents only a minor share of beryllium-related health conditions—does have multiple
potential causes.

In addition to causation issues, occupational health hazards frequently have a long
latency period, sometimes 20 years or more between exposure and the manifestation of disease
or other adverse effects. Consequently, workers usually cannot logically or intuitively draw a
connection between workplace exposure to a health hazard and a chronic disease or adverse
health condition, as would be the case for an acute injury resulting from a safety hazard. For
example, should workers attribute their signs and symptoms of CBD (e.qg., shortness of breath,
persistent cough, reduced pulmonary function) to workplace exposure to beryllium, genetic
predisposition (e.g., asthma), or non-occupational exposures? Furthermore, by the time that signs
and symptoms of occupational health problems arise, it is often too late for workers to make use
of that information. Lung cancer does not surface until many years after the exposures that
contributed to causing it, and preventive action can no longer be taken. By the time that CBD is

advanced enough to cause shortness of breath or a cough, the damage to the lungs cannot be

6 . e . . . .
Other examples of such “signature” diseases include mesothelioma and angiosarcoma, which are caused
by exposure to asbestos and vinyl chloride, respectively.
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reversed, and can progress in the absence of further exposure (see the preamble for OSHA’s
beryllium proposal at Section V, Health Effects). However, the BeLPT can be used to detect the
first stage towards the development of CBD, potentially allowing workers to avoid further
exposure before irreversible damage to the lungs occurs. In this sense, the medical surveillance
requirements of the proposed standard make useful and timely information available to workers
about their risk of adverse health effects from beryllium exposure.

Even the preceding characterization fails to capture the extent to which imperfect
information impairs the idealized job market’s decision calculus, as workers supposedly weigh
increased workplace safety or health hazards against wage increases. One reason is that the risk
information available to the worker is typically crude and imprecise. For example, workers
might reasonably be aware, at least over time, that their workplace exposure to beryllium creates
some chance of becoming sensitized to beryllium or developing CBD. However, they could
hardly be expected to keep abreast of the scientific literature on hazardous exposures in their
workplace, such as epidemiological studies showing that there is a CBD prevalence of eight
percent among machinists with an average beryllium exposure level between 0.2 and 0.5 ug/m?’,
and that the prevalence of CBD is typically less than one percent among workers whose
exposures are kept below 0.1 pg/m® (see the preamble at Section VI, Significance of Risk). Even
more to the point, workers would have no way of ascertaining their average beryllium exposure
without exposure monitoring, and the current beryllium standard does not require employers to
conduct exposure monitoring.

A second, related reason is that workers are unlikely to know the workplace risks
associated with their particular employer, or with one employer versus another, even if the types

of work assignments are the same or similar. Again, absent exposure monitoring, how do

11-8 Beryllium PEA



workers know their level of beryllium exposure at a particular workplace? More specifically, on
tasks involving beryllium exposure, how do workers know whether their employers or potential
employers have implemented adequate engineering controls, or provided respirators (or
protective clothing and other personal protective equipment) that have adequate protection
factors, have been properly fit-tested, and are properly maintained? In fact, even the assumption
that employers currently are using any engineering controls and supplying any personal
protective equipment may not be correct in the absence of regulation.
Inability to Process Risk Information

Equally problematic as the ability of workers to obtain workplace risk information is their
ability to understand the information they manage to obtain.” Both experimental studies and
observed market behavior suggest that individuals have considerable difficulty rationally
processing information about low-probability, high-consequence events such as occupational
injuries, illnesses, and fatalities. For example, most individuals are unable to comprehend or
rationally act on risk information when it is presented, as risk analysis often is, in mathematical
terms—a 1/1,000 versus a 1/10,000 versus a 1/100,000 annual risk of death from occupational
causes.

In order to cope with uncertain situations, individuals have developed various rules of
thumb—termed “heuristics™® (Tversky and Kahneman, 1974)—to aid in their decision-making.

In many circumstances, these heuristics work quickly and effectively, which is their purpose.

" The literature documenting risk perception problems is huge. See, in particular, the classic work of
Tversky and Kahneman (1974). For a recent summary of risk perception problems and their causes, see Thaler and
Sunstein (2008), pp. 17-37.

® Heuristics refer to experience-based techniques (e.g., trial and error) for discovery, learning, and problem-
solving or decision-making. Heuristics provide a framework for solving a problem or making a decision in contrast
with a fixed set of rules (algorithmic) that cannot vary. Heuristics helps to speed up the process of problem-solving
or decision-making when an exhaustive search is impractical.
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However, sometimes they introduce unintentional cognitive biases that can lead to illogical,
inconsistent, or otherwise poor decision-making.” Examples of these apparently almost universal
human biases include framing effects;'® biases due to representativeness, availability, and
anchoring heuristics;*" and the interrelated effects of prior endowment, status quo bias, and loss
aversion.™

Of course, in the abstract, many of the problems that workers face in obtaining and

processing occupational risk can lead workers to overestimate as well as underestimate the risk.

% These decision-making anomalies are the central theme in the growing field of behavioral economics,
which has enriched economic modeling with insights from psychology (and which includes the seminal work of
Tversky and Kahneman, 1974). For more information on developments in behavioral economics, see, for example,
Camerer, Loewenstein, and Rabin (2004).

The emerging field of neuroeconomics has provided scientific evidence to buttress the findings of cognitive
biases reported in the behavioral economics literature. Neuroeconomics combines neuroscience, economics, and
psychology to study how people make decisions. Brain scans performed in neuroeconomic experiments compare
the roles of the different brain areas that contribute to economic decision-making. Neuroeconomic research has
shown that human behavior involves a fluid interaction between controlled (reflective) and automatic processes of
the brain and between cognitive and affective (emotional) systems. So-called decision-making “anomalies” are
therefore the result of simplistic modeling of human decision-making, in which only the reflective processes of the
brain and cognitive systems are recognized. For more information on neuroeconomics, see, for example, Camerer,
Loewenstein, and Prelec (2005).

19 Framing effects arise when alternative representations of probabilistically identical decision problems
lead to systematically different choices. For example, experiments have shown that subjects' choices in otherwise
identical problems depend upon how they are phrased (e.g., as gambling or insurance decisions) or how the
statistical outcomes are presented (e.g., in terms of lives saved or lives lost). See, for example, Machina (1987), pp.
141-147.

! Representativeness refers to a probabilistic judgment—say, of person A belonging to category B—that is
based on the similarity of A to a subject’s image or stereotype of B, often without reference to or contrary to
statistical principles (such as regression towards the mean) or factors (such as known prior probabilities or sample
size). Availability refers to probabilistic judgments based on how readily examples come to mind. Hence, more
recent, more vivid, and more highly publicized causes of death tend to generate inflated estimates of likelihood of
occurrence. Anchoring refers to an estimation process of adjustment from an initial value (the anchor). Problems
arise due to faulty (e.g., sometimes random or externally imposed) anchors and inadequate adjustment.
Characterization of these three heuristics, and the biased judgments associated with them, originated with Tversky
and Kahneman (1974).

12 The endowment effect reflects the fact that individuals often demand much more for an object they own
than they would be willing to pay to acquire it. Loss aversion is a similar manifestation of asymmetric value in
which the disutility of giving up an object is greater than the utility associated with acquiring it. Status quo bias is a
preference by individuals for the current state such that they are induced neither to buy nor to sell an object. See, for
example, Kahneman, Knetsch, and Thaler (1991).
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Just on that basis, these information problems may not necessarily be enough to provide a
rationale for regulating a lower standard. However, in the case of beryllium exposure, CBD may
be sufficiently unfamiliar and unobvious and the amount of beryllium involved so minute that
many workers may be completely unaware of the risk, and therefore will underestimate it. In
addition, for markets to optimally address this risk, employees need to be aware of the changes in
risk brought about by an employer’s actions. Even if employees are aware of a risk, the
employer may have limited economic motivation to install controls unless the employees are
able to accurately assess the effects of those controls on their occupational risks. Furthermore,
there is substantial evidence that most individuals are unrealistically optimistic, even in high-
stakes, high-risk situations and even if they are aware of the statistical risks (Thaler and Sunstein,
2009, pp. 31-33). Although the Agency lacks specific evidence in the area of occupational safety
and health, this suggests that some workers underestimate their own risk of work-related injury,
disease, or fatality and, therefore, fail to demand adequate compensation for bearing those risks.
Finally, the difficulty that workers have in distinguishing marginal differences in risk in
alternative worksites (even, and particularly, within an industry) create a disincentive for

employers to incur the costs of reducing workplace risk.

(2) Externalities

Externalities arise when an economic transaction generates direct positive or negative
spillover effects on parties not involved in the transaction. The resulting spillover, which
amounts to a divergence between private and social costs, undermines the efficient allocation of
resources in the market because the market is imparting inaccurate cost and price signals to

economic agents. Applied to the job market, when costs are externalized, they are not reflected
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in the decisions that employers and workers make—Ileading to allocative distortions in that
market.

Negative externalities exist in the job market because many of the costs of occupational
injury and illness are borne by parties other than individual employers or workers. The major
source of these externalities, for chronic occupational diseases, has to do with occupational
illness costs that workers’ compensation does not cover.™®> Workers and their employers often
bear only a portion of these residual costs. Outside of workers’ compensation, workers
incapacitated by an occupational injury or illness and their families often receive health care,
rehabilitation, retraining, direct income maintenance, or life insurance benefits, most of which
are paid for by society through Social Security and other social insurance and social welfare
programs.'* Furthermore, substantial portions of the medical care system in the United States are

heavily subsidized by the government so that part of the medical cost of treating injured
or ill workers is paid for by the rest of society (Nichols and Zeckhauser, 1977, pp. 44-45). To
the extent that employers and workers do not bear the full costs of occupational injury and
ilness, they will ignore these externalized costs in their job-market negotiations. The result may
be an inefficiently high level of occupational risk. It should be noted, however, that OSHA
expects that the effect of these externalities on the market-determined level of occupational risk

would be relatively minor in comparison to the other types of market failure described here.

3 Workers’ compensation is discussed separately later in this chapter. As described there, in many cases
(particularly for smaller firms), the premiums that an individual employer pays for workers’ compensation are only
loosely related, or unrelated, to the occupational risks that that employer’s workers bear. However, workers’
compensation does not cover chronic occupational diseases in most instances. For that reason, negative externalities
tend to be a more significant issue in the case of occupational exposures that result in diseases.

 In addition, many occupational injuries and most occupational illnesses, other than musculoskeletal
disorders, are not processed through the workers’ compensation system at all. In these instances, workers receive

care from their own private physician rather than from their employer’s physician.
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(3) Imperfect Competition

In the idealized job market, the actions of large numbers of buyers and sellers of labor
services establish the market-clearing, risk-compensated wage, so that individual employers and
workers effectively take that wage as given. In reality, however, the job market is not one
market but many markets differentiated by location, occupation, and other factors; entrants in the
labor market face search frictions because of limited information on employment options; and,
furthermore, in wage negotiations with their own workers, employers are typically in an
advantageous position relative to all other potential employers. In these situations, discussed
below, employers may have sufficient power to influence or to determine the wage their workers
receive. This may undermine the conditions necessary for perfect competition and can result in
inadequate compensation for workers exposed to workplace hazards.

Beyond the classic—but relatively rare—example of a town dominated by a single
company, there is significant evidence that some employers throughout the economy are not
wage-takers but, rather, face upward-sloping labor supply curves and enjoy some market power
in setting wages and other conditions of employment.® An important source of this
phenomenon is the cost of a job search and the employer’s relative advantage, from size and
economies of scale, in acquiring job market information.*®

Another potentially noteworthy problem in the job market is that, contrary to the model

of perfect competition, workers with jobs cannot costlessly quit and obtain a similar job at the

15 See, for example, Ashenfelter, Farber, and Ransom (2010) and Boal and Ransom (1997). The term
“monopsony” power is usually applied to this situation, but it does not necessarily require a single employer.

1% Weil (2014) presents theory and evidence both in support of this proposition and to show that, in many

situations, larger firms have more monopsony power than smaller firms. Boal and Ransom (1997, p. 97) note that
the persistent wage dispersion observed in labor markets is a central feature of equilibrium search models.
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same wage with another employer. Workers leaving their current job may be confronted with
the expense and time requirements of a job search, the expense associated with relocating to take
advantage of better employment opportunities, the loss of firm-specific human capital, the cost
and difficulty of upgrading job skills, and the risk of a prolonged period of unemployment. In
addition, employers derive market power from the fact that a portion of the compensation their
workers receive is not transferable to other jobs. Examples include job-specific training and
associated compensation, seniority rights and associated benefits, investments in a pension plan,
and most important, until recently,'” health insurance.'® Even if competing employers provide
health insurance, it may well be subject to exclusions for pre-existing conditions.

Under the conditions described above, employers would not have to take the market-
clearing wage as given, but could offer a lower wage than would be observed in a perfectly
competitive market,™ including less than full compensation for workplace health and safety
risks. As aresult, relative to the idealized competitive job market, employers would have less

incentive to invest in workplace safety.

7 The Patient Protection and Affordable Care Act (PPACA) (Pub.L. 111-148, 124 Stat. 119), signed into
law by President Obama on March 23, 2010, addresses the issue of health care availability in the United States. Key
provisions in PPACA remove health-care-related competitive barriers in labor markets, such as exclusions or higher
rates for individuals with pre-existing conditions.

181t should be noted, however, that the percentage of employers providing health insurance coverage in the
United States has been steadily declining over time, both because of rising costs and because of the increased
difficulty of obtaining such insurance. In any event, health insurers are only responsible for losses not covered by
workers’ compensation and not subject to exclusions (e.g., pre-existing conditions) within the life of the policy,
which is normally one year. In future years, insurers can raise rates or cancel an employer’s health insurance policy
if circumstances change.

9 For a graphical demonstration that an employer with monopsony power will pay less than the
competitive market wage, see Borjas (2000), pp. 187-189.
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(4) Compelling Social Need

Some individual actions are circumscribed by rights and duties or other social purpose
that take precedence over market considerations, and these social purposes provide sufficient
justification for regulation (OMB Circular A-4, OMB 2003). Market transactions in such
circumstances may be legally forbidden or socially unacceptable on ethical grounds, even if there
are willing parties to the transactions. For example, in the United States, one’s right to vote
cannot be sold to another person, and the prison time a convicted criminal receives cannot be
served by another person in exchange for a fee. In the context of the job market, contracts of
indentured servitude are not allowed.

The preceding points suggest that, because of important rights and duties or other social
purposes, government intervention may sometimes improve the workings of the unfettered job
market. In fact, the American people, through their elected representatives, have made a
determination to override the operation of the unfettered job market, if necessary, by assuring in
the OSH Act “so far as possible every working man and woman in the Nation safe and healthful
working conditions . .. .” (29 U.S.C. 651(b)). It is under this congressional mandate that OSHA

has developed the proposed beryllium rule.
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OSHA welcomes comment and supporting evidence on the extent of these market
failures and compelling public need in the job market, as well as their effects on worker health

risks from exposure to beryllium.

NON-MARKET AND QUASI-MARKET ALTERNATIVES TO REGULATION

The discussion in this section considers whether non-market and quasi-market
alternatives to the proposed rule would be capable of protecting workers from the hazards of
beryllium exposure. The alternatives under consideration are information dissemination

programs, workers’ compensation systems, and tort liability options.

Information Dissemination Programs

An alternative to OSHA’s proposed beryllium rule would be the dissemination of
information, either voluntarily or through compliance with OSHA’s hazard communication
standard (HCS) (29 CFR 1910.1200), about the health risks associated with workplace exposure
to beryllium. Better informed workers could more accurately assess the occupational risks
associated with different jobs, thereby facilitating, through labor market transactions, higher risk
premiums for more hazardous work and inducing employers to make the workplace less
hazardous. The proposed rule recognizes the link between the dissemination of information and
workplace risks by requiring that workers engaged in jobs involving exposure to beryllium be
provided with information and training about beryllium-related illnesses and ways to prevent

them. There are several reasons, however, why reliance on information dissemination programs
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alone would not yield the level of worker protection achievable through the proposed beryllium
rule.

First, in the context of HCS, which requires employers to transmit information about the
inherently hazardous properties of hazardous substances, the standard alone does not require that
sufficient information be provided to identify risks in specific workplaces. Beryllium-related
risks, for instance, are highly specific to individual tasks and work environments.

Second, in the case of voluntary information dissemination programs, absent a regulation,
there may be significant economic incentives, for all the reasons discussed in the private market
incentives, for the employer not to gather relevant exposure data or distribute occupational risk
information so that the workers would not demand higher wages to compensate for their newly
identified occupational risks.

Third, even if workers were better informed about workplace risks and hazards, all of the
defects in the functioning of the private job market previously discussed—the limited ability of
workers to evaluate risk information, externalities, imperfect competition, and factors that
transcend the market—would still apply. Because of the existence of these defects, better
information alone would not ensure that the job market will yield wage premiums for risk in a
manner that is consistent with an efficient allocation of resources.

Thus, while improved access to information about beryllium-related hazards can provide
for more rational decision-making in the private job market, OSHA preliminarily concludes that
information dissemination programs may not, by themselves, produce an adequate level of

worker protection.
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Workers’ Compensation Systems

Another alternative to OSHA regulation is simply to use State workers’ compensation
programs to augment the workings of the private job market to limit occupational risks to worker
safety and health. After all, one of the objectives of the workers’ compensation system is to shift
the costs of occupational injury and disease from workers to employers in order to induce
employers to improve working conditions. Two other objectives are to provide fair and prompt
compensation to workers for medical costs and lost wages resulting from workplace injury and
disease and, through the risk-spreading features of the workers’ compensation insurance pool, to
prevent individual employers from suffering a catastrophic financial loss (Ashford, 2007, p.
1712).

However, there are three reasons, discussed below, why the workers’ compensation
system has fallen short of the goal of shifting to employers the costs of workplace injury and
disease—including, in particular, the costs of worker exposure to beryllium. As a result, OSHA
preliminarily concludes that there may be inadequate worker protection in the absence of the

proposed beryllium rule.

(1) A Divergence between Workers’ Compensation Premiums and Workplace Risk

The first reason workers’ compensation does not adequately shift the costs of work-
related injuries and illnesses to employers is that the risk-spreading objective of workers’
compensation conflicts with, and ultimately helps to undermine, the cost-internalization

objective.”® For the 99 percent of employers who rely on workers’ compensation insurance, the

2 Recall from the earlier discussion of externalities that the failure to internalize costs leads to allocative
distortions and inefficiencies in the market.
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payment of premiums represents their primary cost for occupational injuries and illnesses, such
as beryllium-related illnesses. However, the mechanism for determining an employer’s workers’
compensation insurance premium typically fails to reflect the actual occupational risk present in
that employer’s workplace.

Approximately 85 percent of employers have their premiums set based on a “class
rating,” which is based on industry illness and injury history. Employers in this class are
typically the smallest firms and represent only about 15 percent of workers (Ashford, 2007, p.
1713). Small firms are often ineligible for experience rating because of insufficient claims
history or because of a high year-to-year variance in their claim rates. These firms are granted
rate reductions only if the experience of the entire class improves. The remaining 14 percent of
employers, larger firms representing approximately 70 percent of workers, have their premiums
set on the basis of a combination of “class rating” and “experience rating,” which adjusts the
class rating to reflect a firm’s individual claims experience. A firm’s experience rating is
generally based on the history of workers’ compensation payments to workers injured at that
firm’s workplace, not on the quality of the firm’s overall worker protection program and safety
and health record. Thus, for example, the existence of circumstances that may lead to
catastrophic future losses are not included in an experience rating—only actual past losses are.?

Insurance companies do have the right to refuse to provide workers’ compensation

insurance to an employer—and frequently exercise that right based on their inspections and

21 Only the largest firms, constituting approximately 1 percent of employers and representing
approximately 15 percent of workers, are self-insured. These individual firms accomplish risk-spreading as a result
of the large number of workers they cover. See Ashford (2007), p. 1712.

%2 In order to spread risks in an efficient manner, it is critical that insurers have adequate information to set
individual premiums that reflect each individual employer’s risks. As the preceding discussion has made clear, by
and large, they do not. In that sense, insurers can be added to employers and workers as suffering from imperfect
information about job hazards.
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evaluations of a firm’s health and safety practices. However, almost all States have assigned risk
pools that insist that any firm that cannot obtain workers’ compensation policies from any insurer
must be provided workers’ compensation insurance at a State-mandated rate that reflects a
combination of class and experience rating.

Workers’ compensation insurance does protect individual employers against a
catastrophic financial loss due to work-related injury or illness claims. As a result of risk
spreading, however, employers’ efforts to reduce the incidence of occupational injuries and
illnesses are not fully reflected in reduced workers’ compensation premiums. Conversely,
employers who devote fewer resources to promoting worker safety and health may not incur
commensurately higher workers’ compensation costs. This creates a type of moral hazard, in
that the presence of risk spreading in workers’ compensation insurance may induce employers to
make fewer investments in equipment and training to reduce the risk of workplace injuries and
illnesses.

In short, the premiums most individual employers pay for workers’ compensation
insurance coverage do not reflect the actual cost burden those employers impose on the worker’s
compensation system. Consequently, employers considering measures to lower the incidence of
workplace injuries and illnesses can expect to receive a less-than-commensurate reduction in

workers’ compensation premiums.

(2) Failure to Provide Compensation for Most Occupational Diseases

The second, and most important, reason that workers’ compensation is not an adequate

alternative, as a practical matter, is that State workers’ compensation programs tend not to
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provide benefits for most work-related diseases—including those resulting from beryllium

exposure, such as CBD. Several related factors account for this:

e Most occupational diseases have multiple causes and are indistinguishable from ordinary
diseases of life. Therefore it is difficult for workers’ compensation to trace the cause of

these diseases to the workplace;

e Many occupational diseases have long latency periods, which tends to obscure the actual

cause of disease or the place of employment where exposure occurred,;

e Workers (as well as medical personnel) often do not realize that a disease is work-related

and, therefore, fail to file a workers’ compensation claim; and

e Most States have filing restrictions. For example, most states have statutes of limitations
that are 10 years or less for filing workers’ compensation claims. This may preclude
claims for illnesses involving long latency periods. Also, many States have a minimum

exposure time period before a disease can be attributed to an occupational cause.

With the exception of musculoskeletal disorders, workers” compensation actually covers only 5
percent of occupational diseases and 1.1 percent of occupational fatalities (Ashford, 2007, p.
1714). Beryllium-related occupational diseases face a similar lack of workers’ compensation

coverage.

(3) Limitations on Payouts

The third reason that employers do not fully pay the costs of work-related injuries and

disease under the workers’ compensation system is that, even for those claims that are accepted
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into the system, states have imposed significant limitations on payouts. Depending on the State,

these limitations and restrictions include:

e Caps on wage replacement based on the average wage in the State rather than the injured

workers’ actual wage;

e Restrictions on medical care services that are compensated and the amount of that

compensation;

e No compensation for non-pecuniary losses, such as pain and suffering or impairment not

directly related to earning power;
e Either no, or limited, cost-of-living increases;

e Restrictions on permanent, partial, and total disability benefits, either by specifying a
maximum number of weeks for which benefits can be paid or by imposing an absolute

ceiling on dollar payouts;

A low absolute ceiling on death benefits.

The last two restrictions may be the most important for occupational diseases with long-term
health effects and possible fatal outcomes, such as those associated with worker exposure to
beryllium.

In summary, for all of the reasons discussed above, the workers’ compensation system
does not provide adequate incentives to employers to control occupational risks to worker safety

and health.
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Tort Liability Options

Another alternative to OSHA regulation would be for workers to use the tort system to
seek redress for work-related injuries and diseases, including beryllium-related ones. A tortis a
civil wrong (other than breach of contract), for which the courts provide a remedy in the form of
an action for damages. The application of the tort system to occupational injury and disease
would allow workers to sue their employer, or other responsible parties (e.g., “third parties” such
as suppliers of hazardous material or equipment used in the workplace) to recover damages. In
theory, the tort system could shift the liability for the direct costs of occupational injury and
iliness from the worker to the employer or to other responsible parties. In turn, the employer or
third parties would be induced to improve worker safety and health.

With limited exceptions, however, the tort system has not been a viable alternative to
occupational safety and health regulation because State statutes make workers’ compensation the
“exclusive remedy” for work-related injuries and illnesses. Workers’ compensation is essentially
a type of no-fault insurance. In return for employers’ willingness to provide, through workers’
compensation, timely wage-loss and medical coverage for workers’ job-related injuries and
diseases, regardless of fault, workers are barred from suing their employers for damages, except
in cases of intentional harm or, in some States, gross negligence (Ashford and Caldart, 1996, p.
233). Practically speaking, in most cases, workers’ compensation is the exclusive legal remedy
available to workers.

In principle, workers may attempt to recover damages for work-related injuries and
disease from third parties through the tort system. However, the process is lengthy, adversarial,
and expensive. In addition, in tort cases involving chronic occupational disease, the likelihood

of prevailing in court and ultimately obtaining compensation is small because:
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e Inatort action, the burden of proof is on the plaintiff (i.e., the worker) to demonstrate
by “a preponderance of the evidence” that the defendant owed a duty to the plaintiff,
that the defendant breached that duty, and that the breach caused the worker’s injury

or disease;

e To establish third-party liability the worker must show that the third party’s products
or equipment or instructions were defective or negligently designed. Liability is often

in dispute and difficult to prove by a preponderance of the evidence;

e In cases of chronic disease, it is typically even more difficult to prove that the third-
party was causally responsible. The worker must prove, based on a preponderance of
the evidence, that not only was the disease the result of occupational exposure and not
an ordinary disease of life or the result of non-occupational exposure, but also the
causal exposure was due to the defendant’s product at the plaintiff’s particular
worksite rather than exposure to some other third party’s product or exposure at some
other worksite. For diseases with long-latency periods and workers with long work
histories, it may be almost impossible to establish causation under this test based on a

preponderance of the evidence;

e For chronic diseases, the potentially lengthy latency period between worker exposure
and manifestation of disease significantly lowers the probability that the responsible
third party will still be in business when tort claims are ultimately filed and have

sufficient assets to cover the claims, particularly if there are many of them;? and

% The same qualification about the firm being in business and having sufficient assets to pay claims may
also apply to liability insurers, in those cases where the firm has purchased liability insurance. For example, some
liability insurers that provided asbestos coverage were unable to settle all claims and had to declare bankruptcy.
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e Workers may be deterred from filing tort actions because of the substantial costs
involved—including attorney fees, court costs, and the costs of obtaining evidence

and securing witnesses—and the lengthy period before a final decision is rendered.

In sum, the use of the tort system as an alternative to regulation is severely limited
because of the “exclusive remedy” provisions in workers’ compensation statutes; because of the
various legal and practical difficulties in seeking recovery from responsible third parties,
particularly in cases of occupational disease such as CBD; and because of the substantial costs
associated with a tort action. The tort system, therefore, does not adequately serve to protect

workers from exposure to hazards in the workplace.

SUMMARY

As shown in the preamble to the proposed beryllium rule, OSHA has determined that
some workers in certain industries are exposed to beryllium and face a significant risk of
developing lung cancer, BeS, and CBD. The private market—augmented by information
dissemination programs, workers’ compensation systems, and tort liability options—may be
characterized by a level of risk for these workers that is higher than socially optimal; such an
outcome could be due to a lack of information about health risks or (potentially) the presence of
externalities or imperfect competition, and other factors discussed above. Therefore, the Agency
has preliminarily concluded that OSHA’s existing beryllium exposure limits and the private
market are unlikely to provide the level of protection afforded by an updated occupational

beryllium standard that adheres to the statutory requirements of the OSH Act.

11-25 Beryllium PEA



REFERENCES

Ashenfelter, O. C., H. Farber, and M. R. Ransom, 2010. “Labor Market Monopsony,” 28(2)
Journal of Labor Economics, pp. 203-210.

Ashford, N.A., 2007. “Workers” Compensation” (pp. 1712-1719), in Environmental and
Occupational Medicine (Fourth Edition), Rom, W. N. (editor). Lippincott-Raven:
Philadelphia.

Ashford, N.A., C. Ayers, and R.F. Stone, 1985. “Using Regulation to Change the Market for
Innovation,” 9 Harvard Environmental Law Review 2, pp. 871-906.

Ashford, N.A., and C.C. Caldart, 1996. Technology, Law, and the Working Environment
(Revised Edition), Washington, DC: Island Press.

Boal, W.M., and M.R. Ransom, 1997. “Monopsony in the Labor Market,” XXXV (March 1997)
Journal of Economic Literature, pp. 86-112.

Borjas, G. J., 2000. Labor Economics (Second Edition), Boston: Irwin McGraw-Hill.

Camerer, C., G. Loewenstein, and D. Prelec, 2005. “Neuroeconomics: How Neuroscience Can
Inform Economics,” Journal of Economic Literature XLIII(1), pp. 9-64.

Camerer, C., G. Loewenstein, and M. Rabin (eds), 2004. Advances in Behavioral Economics,
Princeton: Princeton University Press.

Kahneman, D., J. L. Knetsch, and R. H. Thaler, 1991. “The Endowment Effect, Loss Aversion,
and Status Quo Bias,” Journal of Economic Perspectives 5(1), pp. 193-206.

Leigh, J.P., and H.H. Robbins, 2004. “Occupational Disease and Workers’ Compensation:
Coverage, Costs, and Consequences,” 82 Milbank Quarterly 4, pp. 689-721.

Machina, M. J., 1987. “Choice Under Uncertainty: Problems Solved and Unsolved,” 1 Journal
of Economic Perspectives 1, pp. 121-154.

Nichols, A. L., and R. Zeckhauser, 1977. “Government Comes to the Workplace: An
Assessment of OSHA,” 49 The Public Interest pp. 36-69.

OMB (Office of Management and Budget), 2003. Circular A-4, September 17. Available at:
http://www.whitehouse.gov/sites/default/files/omb/assets/regulatory matters_pdf/a-4.pdf.

Thaler, R. H., and C. R. Sunstein, 2009. Nudge, New Haven: Yale University Press.

Tversky, A., and D. Kahneman, 1974. “Judgment under Uncertainty: Heuristics and Biases,”
185 Science pp. 1124-1131.

11-26 Beryllium PEA



Weil, D., 2014. The Fissured Workplace, Cambridge, Massachusetts: Harvard University Press.

1-27 Beryllium PEA



CHAPTER III: PROFILE OF AFFECTED INDUSTRIES

In this chapter, OSHA presents a profile of industries that use beryllium, beryllium oxide,
and/or beryllium alloys. For each industry sector identified, the Agency describes the uses of
beryllium and estimates the number of establishments and employees that may be affected by
this proposed rulemaking. Employee exposure to beryllium can also occur as a result of certain
processes such as welding that are found in many industries. This analysis will use the umbrella
term “application group” to refer either to an industrial sector or a cross-industry group with a
common process. These groups are all mutually exclusive and are analyzed in separate sections
below.

Beryllium is rarely used by all establishments in any particular application group because
its unique properties and relatively high cost typically result in only very specific and limited
usage within a portion of a group. The following sections briefly describe each application
group and then explain how OSHA estimated the number of establishments working with
beryllium and the number of employees exposed to beryllium. Technological feasibility reports
(summarized in Chapter IV of this PEA) for each beryllium-using application group provide a
detailed presentation of processes and occupations with beryllium exposure, including available
sampling exposure measurements and estimates of how many employees are affected in each
specific occupation.

The information in this chapter is based on reports prepared under task order by Eastern
Research Group (ERG), an OSHA contractor; information collected during OSHA’s Small

Business Advocacy Review Panel (SBAR, 2008); and Agency research and analysis.
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OSHA has identified nine application groups that would be potentially affected by the

proposed beryllium standard:

1. Beryllium Production

2. Beryllium Oxide Ceramics and Composites

3. Nonferrous Foundries

4. Secondary Smelting, Refining, and Alloying

5. Precision Turned Products

6. Copper Rolling, Drawing, and Extruding

7. Fabrication of Beryllium Alloy Products

8. Welding

9. Dental Laboratories

These application groups are broadly defined, and some include establishments in several North
American Industrial Classification System (NAICS) codes. For example, the Copper Rolling
and Drawing, and Extruding application group is made up both of NAICS 331421 Copper
Rolling, Drawing, and Extruding and NAICS 331422 Copper Wire Drawing. While an
application group may contain numerous NAICS six-digit industry codes, in most cases only a
fraction of the establishments in any individual six-digit NAICS industry use beryllium and
would be affected by the proposed rule. For example, not all companies in the above application
group work with copper that contains beryllium.

One application group, welding, reflects industrial activities or processes that take place
in various industry sectors. All of the industries in which a given activity or process may result

in worker exposure to beryllium are identified in the sections on the application group. The
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section on each application group describes the production processes where occupational contact
with beryllium can occur and contains estimates of the total number of firms, employees,
affected establishments, and affected employees.

Throughout this chapter, OSHA will be presenting formulas in the text, usually in
parentheses, to help explain the derivation of estimates. Because the values used in the formulas
shown in the text are sometimes rounded, while the actual spreadsheet formulas used to create
final costs are not, the calculation using the presented formula will sometimes differ slightly
from the total presented in the text—which is the actual total as shown in the tables.

At the end of this chapter, OSHA discusses other industry sectors that have reportedly
used beryllium in the past or for which there are anecdotal or informal reports of beryllium use.
The Agency was unable to verify beryllium use in these sectors that would be affected by the
proposed standard (i.e., in general industry, where there is occupational exposure to beryllium or
where materials are being processed that contain at least 0.1 percent beryllium by weight), and
seeks further information in this rulemaking on these or other industries where there may be

significant beryllium use and employee exposure.
AFFECTED APPLICATION GROUPS

1. Beryllium Producers

The Materion Corporation (“Materion,” formerly Brush Wellman) plant in Elmore, Ohio,
is currently the only facility in the United States that produces beryllium metal. The beryllium
manufacturing application group thus consists of a single plant. Materion mines beryllium
hydroxide at its Utah mining and extraction operation—which is regulated by the Mine Safety

and Health Administration (MSHA) rather than OSHA. The beryllium hydroxide is converted
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into beryllium metal and beryllium oxide at the EImore facility. Because Materion integrates a
number of different processes into a single plant, the activities at the EImore plant overlap with
some of the other application groups addressed in this industrial profile. For example, copper-
beryllium alloy production and rolling and drawing operations are performed at this facility, and
a large part of the operation is devoted to manufacturing a range of beryllium alloy products.
However, for purposes of this industrial profile, all workers at this facility are classified in this
beryllium production application group. More information on specific job groups and their
beryllium exposure at this facility is available in Chapter IV: Section 2 of this PEA.

Beryllium production at the EImore facility is classified in NAICS 331419: Primary
Smelting and Refining of Nonferrous Metals. ERG collected information about Materion’s
Elmore facility during site visits. Materion also provided information to the Agency in several

written comments to the docket (OSHA, H005C-2006-0870 Document 1D #0080).

Estimates of the Number of Affected Employees

In addition to the workers involved in beryllium, beryllium alloy, and beryllium oxide
production, total employment at the EImore facility includes administrative, research, and
maintenance personnel. In response to OSHA’s 2002 Beryllium Request for Information,
Materion reported beryllium exposure sampling results for 1999 based on an average
employment of 616 workers (Materion, 2002). Table I11-1 shows the Materion staffing levels by
work group at the EImore plant in 1999. These data from the company are the most recent

figures available, and the Agency has based its estimates on these employment figures.
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Table lll-1

Beryllium Production

NAICS code Industry

Job Category Employees

Production Employees

331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals
331419 Primary Smelting and Refining of Nonferrous Metals

Total

Administrative

Site Support
Production Support
Cold Work

Hot Work
Powdering
Chemical

Furnace Operations

103
127
146
118

42

18
58

616

127
146
118

42

18
58

513

Source: Regulations.gov docket: OSHA-H005C-2006-0870-0092
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2. Beryllium Oxide Ceramics and Composites

Beryllium oxide (commonly called beryllia) is known for its high heat capacity and is an
important component of certain sensitive electronic equipment. Two facilities process beryllium
oxide powder into ceramics and composites: Brush Ceramic Products in Tucson, Arizona (a
subsidiary of Materion) and American Beryllia Inc. in Haskell, New Jersey. These two beryllium
oxide ceramics producers also use fired oxide ceramics to manufacture finished products as well
as to ship unfinished beryllium oxide ceramic products to a number of other manufacturers for
further processing.

ERG used data from the 2002 Economic Census and from the Occupational Employment
Survey (OES) of the Bureau of Labor Statistics (BLS), in combination with information
collected through discussions with fabricators and finishers of beryllium oxide products,
distributors of beryllium oxide raw materials, professional society board members, ceramic
engineers, industrial hygienists, and research scientists, to create the industry profile for this

application group (more detail is available in Chapter I1V: Section 4 of this PEA).

Estimates of the Number of Affected Establishments

The two beryllium oxide processors have been identified above. Still needed are the
downstream users with potentially affected employees. Most downstream users of beryllium that
were contacted by ERG noted that they purchase at least some products from Brush Ceramic
Products, whether or not they also purchase products from American Beryllia. Accordingly,
OSHA assumes that Brush Ceramic Products’ customers represent virtually all beryllium oxide
customers. Materion (Brush Ceramic Products) reported in 2001 that its beryllium oxide
ceramics products were sold to 102 different customers (Kolanz, 2001). By calculating the

decrease in the overall number of establishments between the 2002 Economic Census and the
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2010 County Business Patterns for each of the NAICS codes listed in Table 111-2, and applying
the same decreases to the relevant customer industries that received beryllium from Materion,
OSHA estimates that 92 establishments are working with beryllium oxide today.** Below OSHA
analyzes and allocates the 92 establishments among the various industries that have beryllium

ceramic applications.

NAICS 327113: Porcelain Electrical Supply Manufacturing

The 2010 County Business Patterns reported a total of 106 establishments in NAICS
327113: Porcelain Electrical Supply Manufacturing. That dataset does not include a further
breakdown by industry sub-sectors, so OSHA has relied on earlier economic data to identify the
specific sub-sector of ceramics establishments whose employees might be exposed to beryllium
during the manufacturing process. The 2002 Economic Census listed 18 firms in subsector 0351
of NAICS product code 327113 that manufacture ceramic materials that contain beryllium oxide,
titanate, and other ceramic electrical products and components for electronic applications.?
OSHA is not aware of other subsectors of NAICS 327113 that involve beryllium. Discussions
with persons in the industry suggest that the actual number of firms currently is likely fewer than
18, and possibly as low as half this number (Pekrul, 2004), but absent additional data OSHA is
relying on the Census information and assuming that each of these firms uses beryllium in some
part of the ceramic manufacture process, and that each of these firms has one establishment, to

estimate that 18 establishments performed beryllium oxide operations in this industry in 2002.

? More recent information on Materion’s customer list is unfortunately not available. This earlier list has
an industrial breakdown that is too broad to be used in this industrial profile without further analysis.

% The 2002 Economic Census breaks down many 6-digit NAICS industries into more detailed product

codes, or lines (also called sub-sectors). Similar data are not available for all industries in the only subsequent
Economic Census to date, that of 2007.
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OSHA knows that the two primary producers in this subsector in 2002, Brush Ceramics
and American Beryllia, remain active. To estimate the decrease from 2002 to 2010 in the
remaining 16 firms, OSHA assumes the same percentage decrease in subsector 0351 firms as in
the overall number of firms. The overall number of firms in NAICS 327113 decreased between
the 2002 Economic Census and the 2010 County Business Patterns from 120 to 106. OSHA
therefore estimates that 16 establishments performed beryllium oxide operations in NAICS
327113 in 2010.%° OSHA seeks comment on the number of domestic producers of beryllium
oxide ceramics, including whether there are fewer than the 16 estimated establishments and
whether there are additional data that would assist OSHA in identifying the number of affected

establishments or firms for this industry.

NAICS 334411: Electron Tube Manufacturing

A second group of downstream manufacturers produce traveling wave tubes included in NAICS
334411: Electron Tube Manufacturing. The 2010 County Business Patterns did not provide
disaggregated statistics regarding the number of establishments that manufacture traveling wave
tubes, but did report an overall total of 79 firms in this NAICS industry (U.S. Bureau of the
Census, 2010). However, ERG’s industry contacts indicated that a relatively small number of
firms produce traveling wave tubes using beryllium. Based on discussions with an industry
expert, OSHA estimates that 25 companies used beryllium in producing electronic wave tubes in
2002, and OSHA assumes that each company operated one establishment. Based on the change
in the number of establishments in NAICS 334411 from 2002 to 2010, OSHA estimates that, in

2010, 21 establishments used beryllium to produce electronic wave tubes. OSHA did not identify

% Excluding the two primary producers, Brush Ceramics and American Beryllia (mentioned above), the
adjustment to the other 16 produces 14 ((106/120) X 16 = 14) downstream manufacturers of beryllium oxide.
Including Brush Ceramics and American Beryllia, a total of 16 (14 + 2) manufacturers remain.

11-8 Beryllium PEA



any other sources that provided profile information on this group of firms and invites comment
on this issue.
From OSHA’s estimated total of 92 downstream users, this leaves 55 remaining users to
be distributed among relevant industries.”” Based on Materion’s description of customers’ use of
beryllium oxide, OSHA believes that the remaining 55 customers use beryllium oxide ceramics
in the production of four types of electrical and electronic products: (1) wireless base stations
(such as cell towers); (2) various electronics devices (including resistor cores, heat sinks for
satellites, and automotive ignitions); (3) medical laser devices; and (4) lasers used in
entertainment devices.
Product manufacturers for these electronics products are classified in six different NAICS
codes:
NAICS 334415: Electronic Resistor Manufacturing;
NAICS 334419: Other Electronic Component Manufacturing;
NAICS 336322: Other Motor Vehicle Electrical and Electronic Equipment
Manufacturing;

NAICS 334220: Radio and Television Broadcasting and Wireless Communications
Equipment Manufacturing;

NAICS 334510: Electromedical and Electrotherapeutic Apparatus Manufacturing; and

NAICS 334310: Audio and Video Equipment Manufacturing.

OSHA has preliminarily concluded that the remaining 55 customers purchasing beryllium

oxide from Materion will fall within these six industries. ERG distributed these companies

2" OSHA’s estimates for establishments already discussed, NAICS 327113: Porcelain Electrical Supply
Manufacturing, 16, and NAICS 334411: Electron Tube Manufacturing, 21, account for 37 (16 + 21) of these 92
customers, leaving 55 (92 - 37).
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among these six NAICS codes based on Materion customer survey report descriptions and

NAICS titles. These estimates are shown in Table I11-2.

Estimates of the Number of Affected Employees

The estimated number of affected employees is also presented in Table I11-2 and, except
for the two beryllium oxide ceramics producers, was derived from the average number of
employees in an establishment in a particular NAICS code multiplied by the number of affected
establishments estimated to be in this same NAICS code.”® ERG’s industry contacts verified
that most beryllium-oxide handling operations at these manufacturing facilities are small and
suggested that the fabrication facilities are among the smaller firms in Materion’s customer
population (and hence American Beryllia’s as well). Consequently, the Agency may be over-
counting the number of employees by using the average number of employees per establishment
to estimate the total. Most establishments contacted by ERG employ between 5 and 20
production workers each. One firm employs 50 to 60 production workers in total, but not all of
them work on beryllium oxide projects (see Chapter 1V: Section 4 of this PEA). OSHA invites

comment on these estimates.

%8 Average employment per firm in a given industry is calculated by dividing the total employment from
the 2010 County Business Patterns (CBP) by the total number of establishments reported by CBP.
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Table l1I-2

Beryllium Oxide

NAICS code Industry Establishments Employees Affected Establishments Affected Employees
327113 Porcelain Electrical Supply Manufacturing 106 4,310 16 689

334220 Cellular telephones manufacturing 810 79,732 10 984

334310 Compact disc players manufacturing 464 8,858 5 95

334411 Electron Tube Manufacturing BeO traveling wave tubes 79 4,884 21 1,298

334415 Electronic resistor manufacturing 61 3,722 12 732

334419 Other electronic component manufacturing 1,133 46,836 9 372

334510 Electromedical equipment manufacturing 629 66,107 9 946

336322 Other motor vehicle electrical and electronic equipment manufacturing 636 38,475 10 605

Total 3,918 252,924 92 5,722

Sources: 2002 Economic Census, 2010 County Business Patterns, OSHA Office of Regulatory Analysis
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3. Nonferrous Foundries

Nonferrous foundries produce a variety of cast products using alloyed and unalloyed
copper, aluminum, and other metals (see Chapter IV: Section 5 of this PEA). These foundries
may produce castings of copper-beryllium alloys or, to a lesser extent, aluminum-beryllium
alloys, or both. A limited amount of pure beryllium is cast for specialized aerospace
applications; however, beryllium is usually alloyed with another metal. To the extent that pure
beryllium casting occurs, it happens as an occasional activity in aluminum foundries.

Foundries that use beryllium alloys are classified as:

NAICS 331525: Copper Foundries (Except Die-casting);
NAICS 331521: Aluminum Die-casting Foundries;
NAICS 331524: Aluminum Foundries (Except Die-casting); and

NAICS 331522: Nonferrous (Except Aluminum) Die-casting Foundries.

ERG used data from the 2002 Economic Census, 2010 OES, OSHA’s Integrated
Management Information System (IMIS) database, and discussions with industry contacts and
trade groups in order to develop a profile of affected industries and estimate the number of
employees for this application group (for more detail, see Chapter IV: Section 5 of this PEA).
Table I11-3 at the end of this section shows U.S. Census Bureau data describing the copper and

aluminum foundry industries.

Estimates of the Number of Affected Establishments

NAICS 331525: Copper Foundries (Except Die casting)

U.S. Census Bureau data report the number of copper foundries with shipments of high-copper
content alloys, which include copper-beryllium. The data show that, in 2002, 25 firms in NAICS
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331525 product code 0416 produced high-copper sand castings, and 25 firms in NAICS 331525
product code 0541 produced investment castings out of high-copper alloys. Fewer foundries
produced high-copper mold castings (12 firms), high-copper centrifugal castings (13 firms), and
other types of high-copper castings (10 firms). Census data also show four firms in NAICS
331525 product code 06: Copper-base Alloy Bearings and Bushings, Nonmachined, which
includes high-copper as well as other types of copper alloys. These product code categories are
not exclusive, however, and firms are probably counted in more than one group. Hence, the
number of foundries using high-copper alloys is very likely less than the total of 89, summed
from these data, due to double-counting. Also, in the 2002 Census, the number of establishments
in NAICS 331525 was only one greater than the number of firms; thus, it is reasonable to make
the simplifying assumption that each firm mentioned above owns one establishment.
Information from OSHA’s IMIS indicated that beryllium was detected in 20 percent of the 110
copper foundries where air samples were taken during the period 1978 through 2008. An
extrapolation of this percentage to the total population of copper foundries (208) classified in
NAICS 331525 yields an estimate of 42 such foundries (0.2 x 208) that may work with copper-
beryllium alloys. Industry contacts suggest that the number of foundries casting beryllium alloys
has declined in recent years. Of seven foundries that ERG contacted that indicated they have
used copper-beryllium, two have stopped using the material in recent years.

While industry contacts could not provide quantitative estimates, ERG considered
whether the number of foundries using beryllium according to the 2002 Economic Census was
consistent with industry comments. Representatives of the American Foundry Society and the
Non-Ferrous Founders’ Society could not provide ERG with an estimate of the number of

foundries casting beryllium alloy metals, but both stated that they believe the number is small.
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The total population of foundries (according to the 2010 County Business Patterns) was 1,900.
In that context, ERG considered that a “small number” likely indicated fewer than 100. Other
industry sources, including a copper foundry, an aluminum foundry, a resistance welding
electrode manufacturer, and a brass and copper rolling mill, also indicated that few foundries cast
beryllium and beryllium alloys, although they could not provide quantitative estimates.
Although no industry sources provided quantitative estimates of the number of foundries using
beryllium, ERG determined that the profile developed based on U.S. Census data was consistent
with industry sources’ comments.

Considering the number of foundries suggested by information in the IMIS database (42)
and the Census Bureau (89), given the likelihood of double counting by the Census Bureau, and
the reported decline in copper-beryllium use in the foundry industry in the last decade, OSHA
estimates that 45 establishments in the copper foundry industry sectors cast beryllium-containing

alloys.

NAICS 331521 and 331524: Aluminum Foundries (Die Casting and Other)

ERG found no quantitative estimates of the number of foundries in the United States that
cast aluminum-beryllium alloys.?® ERG’s research indicated that use of these alloys is much less
common than the use of copper-beryllium. Furthermore, a representative of an aluminum
foundry that uses aluminum-beryllium master alloys noted that use of beryllium alloys in

aluminum foundries is decreasing (Barbetti, 2002).

2 Master aluminum-beryllium alloys (produced by beryllium alloyers) are used as stabilizers (deoxidizers),
hardeners, and grain refiners in the production of aluminum and aluminum alloys. Small quantities (typically 50 to
100 parts per million) of the master alloy are added to the aluminum melt during the production process to reduce
magnesium losses (Diroccho, 2002; KB, 2002; Kosto, 2002; Lefgren, 2002; and Mulcahy, 2002). Beryllium
oxidizes more readily than magnesium, thereby limiting oxidation of magnesium in the melt (Lefgren, 2002).
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ERG estimated that there are 14 foundry companies that cast aluminum-beryllium alloys.
Of these foundries, OSHA estimates that at least 12 use aluminum-beryllium master alloys
(Kosto, 2002). The remaining two foundries cast both pure beryllium and beryllium composite
or hybrid products. For the purposes of this analysis, OSHA divided these 14 establishments
between two application groups, assigning one-half of the total, or seven establishments, to each
of the two aluminum foundry industries, NAICS 331521: Aluminum Die-Casting Foundries and

NAICS 331524: Aluminum Foundries (Except Die-Casting).

NAICS 331522: Nonferrous Die-casting Foundries (Except Aluminum)

The U.S. Census Bureau (2002) reported that 38 firms in NAICS 331522: Nonferrous
Die-casting Foundries produce copper or copper-base alloy die-castings, including bearings and
bushings. ERG concluded that all of these establishments would use beryllium-copper alloy to
some extent, because beryllium is commonly added to copper used to make bushings. OSHA
therefore preliminarily estimates that all of these firms work with copper-beryllium alloys (see

Chapter 1V: Section 5 of this PEA).

Estimates of the Number of Affected Employees

Estimates of the number of employees in the nonferrous foundries are based on the
average employment sizes for each of the respective industries discussed above (U.S. Census
Bureau, 2004). OSHA estimates that a total of 97 nonferrous foundry establishments, employing
3,601 workers, use beryllium. Table I11-3 summarizes the estimates of the numbers of affected

foundries using beryllium alloys and the number of affected employees.
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Table llI-3

Foundries
NAICS code Industry Establishments Employees Affected Establishments Affected Employees
331521 Aluminum die-casting foundries 254 18017 7 497
331522 Nonferrous (except aluminum) die-casting foundries 140 6362 38 1,727
331524 Aluminum foundries (except die-casting) 3% 15178 7 270
331525 Copper foundries (except die-casting) 208 5123 45 1,108
Total 996 44,680 97 3,601
Note: Totals may not add due to rounding.
Sources: U.S. Census Bureau, 2006, 2010; OSHA Office of Regulatory Analysis
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4. Secondary Smelting, Refining, and Alloying

Secondary refining and smelting facilities produce metals from scrap and process waste.
Direct handling and processing of beryllium alloy scrap or processing of unalloyed nonferrous
metals that contain trace amounts of beryllium can generate beryllium exposures. As described
in Chapter IV of this PEA, exposure data, containing industry and job descriptions, were
obtained from OSHA’s IMIS database, NIOSH Health Hazard Evaluations (HHEs) and an ERG
site visit to a precious and base metals recovery facility (ERG, 2003). Based on this information,
the Agency has preliminarily judged that the primary potential exposure source for workers in
these facilities is processing of beryllium-alloy scrap derived from electronics and computer
parts and from metals recycled from defense, aerospace, and other similar applications.

Establishments in secondary smelting, refining, and alloying fall under one of four
NAICS industries:

NAICS 331421: Copper Rolling, Drawing, and Extruding;

NAICS 331314: Secondary Smelting and Alloying of Aluminum;

NAICS 331423: Secondary Smelting, Refining, and Alloying of Copper; and

NAICS 331492: Secondary Smelting, Refining, and Alloying of Nonferrous Metals.
Table I11-4 at the end of this section presents data from the 2010 County Business Patterns
describing affected secondary smelting, refining, and alloying industries. ERG also used data
from the 2002 Economic Census, 2010 OES, OSHA’s IMIS database, interviews with industry
contacts, and the Thomas Register in order to compile the industry profile for this application
group. Chapter IV further describes how estimates of the number of affected establishments, a

small subset of the entire NAICS population, are derived.
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Estimates of the Number of Affected Establishments

Three types of facilities in these industries use copper, aluminum, and other scrap to

produce nonferrous metal products: smelters, refiners, and ingot makers.

NAICS 331314, 331421 and 331423: Secondary Smelting, Aluminum and Copper

Based on ERG’s industry contacts, a review of the Thomas Register, and Internet
searches, ERG identified only six establishments in NAICS 331314: Secondary Smelting and
Alloying of Aluminum, that handle and/or produce aluminum-beryllium scrap alloys (Diroccho,
2002; KB, 2002; and Lefgren, 2002; also see Chapter 1V: Section 6 of this PEA). One of these
is the Materion facility in EImore, Ohio, which has already been discussed in the earlier section
on Beryllium Producers (NAICS 331419) —so Materion’s facility is excluded from Table I11-4.

One of the remaining five companies produces rolled and extruded copper-beryllium
products and is classified in Table 111-4 as NAICS 331421: Copper Rolling, Drawing, and
Extruding. Three additional companies are classified in NAICS 331423: Secondary Smelting,
Refining, and Alloying of Copper.*® The remaining company—of the six companies that
currently produce copper-beryllium or aluminum-beryllium alloys—specializes in aluminum

alloys and is classified in NAICS 331314: Secondary Smelting and Alloying of Aluminum.

% One of the three processes beryllium scrap and produces copper-beryllium alloys for specialty
applications; a second specializes in beryllium alloys and produces nickel-beryllium and aluminum-beryllium in
addition to copper-beryllium; and the third produces copper-beryllium alloys in the form of billets and slabs, using
both scrap and purchased master ingots (90 percent copper, 10 percent beryllium) as inputs.
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NAICS 331492: Secondary Smelting, Refining, and Alloying of Nonferrous Metals

(Except Copper and Aluminum)

Establishments in NAICS 331492: Secondary Smelting, Refining, and Alloying of
Nonferrous Metals (Except Copper and Aluminum) recover precious metals from copper scrap,
which may contain beryllium, extracted from electronics equipment and other wastes.

The 2007 Economic Census reports 29 firms in NAICS 331492 with sales greater than
$100,000 that produce “secondary precious metals and precious metal alloys.” ERG did not find
additional relevant information about firms with lower sales amounts or other information about
the number of affected establishments. Based on the possibility that there may be establishments
with less than $100,000 in revenues that encounter beryllium and that some establishments with
revenues greater than $100,000 may not process beryllium-containing materials, OSHA
estimates that 30 establishments nationwide recover precious metals from electronic scrap and
therefore could encounter copper-beryllium alloys.

A review of beryllium exposure samples contained in the IMIS database, covering the
period 1994 through 2002, shows that all but a few detectible samples in secondary metal
recovery facilities came from establishments engaged in secondary copper smelting, copper
refining and alloying, or precious metal recovery. While beryllium could be encountered in other
types of secondary metal recovery, the Agency has preliminarily concluded that the 30
establishments shown in Table I11-4 represent all of the establishments in this industry affected

by the proposed beryllium standard. OSHA invites comment and further data on this estimate.

Estimates of the Number of Affected Employees

Census-based industry statistics for NAICS 331423 and 331314 show an average of 32.9

and 39.7 employees per establishment, respectively (U.S. Census Bureau, 2010). Based on these
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averages, the Agency estimates that the total number of affected employees at the three
establishments in NAICS 331423 that are estimated to be affected by this proposed rule is 99
employees (32.9 x 3) and that the total number of affected employees in NAICS 331314 is
estimated to be 40 employees (39.7 x 1). Finally, there is only one establishment in NAICS
331421, and that establishment has 103 potentially affected employees. Therefore, the estimated
number of affected employees for NAICS 331421 is 103 workers. Table 111-4 summarizes

employment estimates for these establishments.
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Table lll-4

Smelting
NAICS code Industry Establishments Employees Affected Establishments Affected Employees
331314 Secondary smelting & alloying of aluminum 1 4346 1 40
331421 Copperrolling, drawing, and extruding % 9849 1 103
331423 Secondary smelting, refining, & alloying of copper L 789 3 9
331492 Secondary Smelting, Refining, and Alloying of Nonferrous Metal (Except Copper and Aluminum) 13 969% 30 1173
Total 490 25,180 3 1,44

Note: Excludes Materion’s Elmore, OH plant, which is included in the Beryllium Production section
Note: Totals may not add due to rounding.
Sources: Office of Regulatory Analysis, OSHA; Economic Census 2010
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5. Precision Turned Products

The precision turned product manufacturing application group includes companies that
produce metal products by a combination of machining processes such as turning, milling,
tapping, drilling, sawing, and grinding. Beryllium-containing materials that might be used for
these products include beryllium metal and beryllium alloyed with other metals including
copper, nickel, aluminum, magnesium, gold, and zinc. Applications include the manufacture of
military aircraft and space shuttle brake systems, structural parts for missiles and satellites,
optical systems, and x-ray windows.*!

Establishments in this application group are found in NAICS 332721: Precision Turned
Product Manufacturing. ERG used data from the 2010 County Business Patterns, 2010 OES,
and discussions with industry contacts, including representatives of two of the largest machiners
of pure beryllium and aluminum-beryllium alloys, in order to estimate the number of affected

establishments and employees for this application group.

Estimates of the Number of Affected Establishments

Table 111-5 at the end of this section provides profile information for NAICS 332721:
Precision Turned Product Manufacturing based on 2010 County Business Patterns data. As
shown, the industry includes an estimated 3,124 facilities and 78,749 employees. More than half
of the facilities are small, employing fewer than 20 employees. Only 5 percent of the facilities
employ 100 or more employees.

The number of establishments that machine pure beryllium or aluminum-beryllium alloys

is very small due to the limited demand for beryllium parts and the difficulties of working with

31 While civilian aerospace workers may be exposed to beryllium during maintenance or overhauling of
braking systems, landing gear, or other systems, these activities are outside the scope of precision machining and are
addressed in Application Group 10 later in this chapter.
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beryllium metals. Representatives of two of the largest machiners of pure beryllium and
aluminum-beryllium alloys reported that 15 or fewer companies work with these materials in the
United States, and of these companies no more than six work with pure beryllium.
Copper-beryllium alloys, on the other hand, are easily machined and can be worked using
conventional metalworking processes. Nevertheless, according to industry sources, several
factors limit the number of establishments working with copper-beryllium. First, the market for
machined copper-beryllium parts is small. Second, due to a combination of health concerns and
the high cost of copper-beryllium, manufacturers have increasingly preferred beryllium-free
materials. A number of industry contacts reported to ERG that their machine shops have stopped
using copper-beryllium or are using it in small quantities and only occasionally. Sources,
including an ERG contact at the National Machining and Tooling Association, reported that the
number of machine shops working with copper-beryllium alloys represents a small percentage of
the total number of machine shops. Although OSHA included small entity representatives
(SERs) from the precision machining industry in the Small Business Advocacy Review (SBAR)
Panel process, no comments were provided on the number of affected machine shops. Based on
the information discussed above, OSHA estimates that 10 percent, or 312 of the 3,124
establishments in the precision turned products manufacturing industry, work with beryllium or
its alloys. Based on discussions with industry contacts, OSHA estimates that about 18 (5.9
percent) of these 312 establishments might work with pure beryllium or high-beryllium alloys
(see Chapter IV: Section 7 of this PEA) with the remaining 294 establishments working with

low-beryllium alloys. The Agency seeks comment and additional data regarding these estimates.
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Estimates of the Number of Affected Employees

OSHA assumes that the size distribution of beryllium-using establishments is the same as
the size distribution of all industry establishments. Therefore, based on the 2010 County
Business Patterns data identified earlier, OSHA estimates that the 312 establishments working
with beryllium or beryllium alloys employ a total of 7,875 workers ((78,749 workers / 3,124
establishments) x 312 affected establishments). The 5.9 percent of these establishments using
high-beryllium alloys yields an estimate of 465 (5.9% x 7,875) workers working with high-
beryllium alloys, with the remaining 7,410 workers working with low-beryllium alloys. These

estimates are summarized in Table 111-5.
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Table llI-5

Precision Machining

NAICS code Industry Establishments Employees Affected Establishments Affected Employees
332721 Precision turned product manufacturing 3,124 78,749
Facilities using High Be-content alloys 18 465
Facilities Using Be-Cu alloy or other low Be-content alloys 294 7,410
Total 3,124 78,749 312 7,875

Sources: U.S. Census Bureau, 2010 and OSHA Office of Regulatory Analysis.
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6. Copper Rolling, Drawing, and Extruding

Copper rolling, drawing, and extruding mills produce copper and copper-alloy rod, bar,
sheet, strip, plate, piping, tube, and wire. The metal-forming processes used to produce copper-
beryllium (Cu-Be) products (which generally contain no more than 2 percent beryllium) are
common to other metals and, depending on the product, may include rolling, extrusion, and hot
or cold drawing. These processes may be accompanied by annealing, pickling or metal cleaning,
and slitting or cutting operations. For those establishments making products out of copper
alloys, copper-beryllium is only one of several copper alloys that may be used. Brass and bronze,
for example, are common copper alloys that do not use beryllium.

There are two NAICS industries in this application group: NAICS 331421: Copper
Rolling, Drawing, and Extruding, and NAICS 331422: Copper Wire Drawing. Table 111-6 at the
end of this section shows data from 2010 County Business Patterns for these two industries. ERG
used data from the 2010 OES, County Business Patterns, information from the Copper
Development Association, and interviews with contacts in industry and in trade associations in
order to create the industrial profile for this application group (for more detail, see Chapter 1V:

Section 8 of this PEA).

Estimates of the Number of Affected Establishments

A list of copper-beryllium product suppliers maintained by the Copper Development
Association contains eight companies with 12 establishments that produce rolled, drawn, and
extruded copper-beryllium products (CDA, 2002). ERG identified three additional

establishments engaged in re-drawing, re-rolling, or re-extruding copper-beryllium alloy. Based
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on this information, OSHA estimates that 15 establishments in this industry are currently
engaged in the rolling, drawing, and extruding of copper-beryllium products.

Information from Materion’s customer database shows that 59 facilities in NAICS
331422: Copper Wire (Except Mechanical) Drawing use Be-Cu metal (see Chapter 1V: Section 8

of this PEA).

Estimates of the Number of Affected Employees

The 2010 County Business Patterns reported 96 establishments engaged in copper rolling,
drawing, and extruding with a total of 9,849 workers, for an average of 102.6 employees per
establishment. Assuming that the 15 affected establishment in NAICS 331421: Copper Rolling,
Drawing, and Extruding are typical of other establishments in this industry and have an average
of 102.6 employees per establishment, the affected establishments have a total of 1,539 (15 x
102.6) employees.

The 2010 County Business Patterns shows 114 establishments in NAICS 331422: Copper
Wire (Except Mechanical) Drawing, employing 9,847 employees, for an average of 86 workers
per establishment. With the same assumption for the 59 affected establishments from NAICS
331422: Copper Wire (Except Mechanical) Drawing, there are a total of 5,096 (59 x 86)
employees in the affected establishments. Table 111-6 summarizes the estimates of the number of
affected establishments and employees for this application group. OSHA seeks comment and

additional data on these estimates.
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Table lll-6

Copper Rolling, Drawing and Extruding

NAICS code Industry Establishments Employees Affected Establishments Affected Employees
331421 Copper rolling, drawing, and extruding 9 9,849 15 1,539
331422 Copper wire (except mechanical) drawing 114 9,847 59 5,096
Total 210 19,696 74 6,635

Sources: U.S. Census Bureau, County Business Patterns, 2010; OSHA Office of Regulatory Analysis

111-28

Beryllium PEA



7. Fabrication of Beryllium Alloy Products

Copper-beryllium alloys (less than or equal to 2 percent beryllium) are used to make a
variety of products for electrical applications in this application group, which encompasses

four 6-digit NAICS codes:

NAICS 332612: Light Gauge Springs Manufacturing;

NAICS 332116: Metal Stamping;

NAICS 334417: Electronic Connector Manufacturing; and

NAICS 336322: Other Motor Vehicle Electrical and Electronic Equipment

Manufacturing.

Establishments producing electronic connectors or other stamped and formed metal
products are classified in three NAICS industries. Facilities specializing in the production of
electronic connectors and components are classified in NAICS 334417: Electronic Connector
Manufacturing or NAICS 332116: Metal Stamping (which produces a wider range of parts).
Manufacturers in NAICS 336322: Other Motor Vehicle Electrical and Electronic Equipment
Manufacturing might also use copper-beryllium alloys in the assembly or production of electrical
or electronic-related automotive parts.

Manufacturers of stamped metal products (NAICS 332116) use a variety of metals,
including copper-beryllium alloys, to produce products for a range of applications. Based on
information from industry representatives, copper-beryllium is used, at least occasionally, by
most stampers that supply the electronics industry (see Chapter IV: Section 9 of this PEA).

Large and medium-size stamping operations are primarily automated. However, smaller

shops may still use manually operated presses, and larger shops may maintain manually operated
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equipment for smaller jobs. According to industry representatives, connector manufacturers may
either stamp copper-beryllium components in-house or purchase these components from a
stamper, but virtually no grinding or other machining is performed on parts after stamping.
Connector assembly is also reported to be largely automated. If employees only assemble but do
not manufacture copper-beryllium parts, their exposure is only from handling “articles” and
should be negligible. If the employees are not otherwise exposed to beryllium, their employers

would not fall within the scope of the proposed standard.

Estimates of the Number of Affected Establishments

NAICS 332612: Light-Gauge Springs Manufacturing

Data from the 2010 County Business Patterns show that there are 323 establishments in
NAICS 332612: Light Gauge Spring Manufacturing. Of these establishments, most (93.3
percent) employ fewer than 100 employees. Industry contacts suggested that, because no special
equipment is needed to process copper-beryllium (as opposed to other alloys), almost any light
gauge spring manufacturer (NAICS 332612) may use copper-beryllium from time to time. All
coil spring manufacturers contacted by ERG indicated that they use copper-beryllium. Thus,
ERG assumed that all light-gauge spring manufacturers are using beryllium even though they
may use it only occasionally and in small amounts (see Chapter 1V: Section 9 of this PEA).
ERG’s industry contacts and spring manufacturers’ websites indicated that most spring
manufacturers use copper-beryllium alloys, but that copper-beryllium springs typically account
for only a small percentage of sales. This was reiterated by a representative of the Spring

Manufacturers Institute (Wood, 2001).
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NAICS 332116: Metal Stamping

According to the 2010 County Business Patterns, the metal stamping industry (NAICS
332116) is comprised of 1,484 establishments, with approximately one-half being small
establishments having fewer than 20 employees. Most of these metal stamping establishments
do not manufacture products for the electronics industry (the only industry using metal stamping
products that contain copper-beryllium alloy), so there would be no beryllium exposure in most
of these establishments. Based on data from the 2007 Economic Census Product Summary, it is
possible to identify the subset of companies that are likely to be stamping copper-beryllium parts
for the electronics industry. The four product codes listed below are the ones that OSHA has
preliminarily determined comprise all copper-beryllium electronics applications in this NAICS

industry code:

NAICS 332116-1352: Radio and Phonographs;
NAICS 332116-1354: Televisions;
NAICS 332116-1421: Computers; and

NAICS 332116-1441: Office Machines.

The 2007 Economic Census reports a total of 97 companies in these product classes.
However, some companies likely produce in more than one of these product classes, and simply
adding together the Census-reported manufacturers producing each product almost certainly
overestimates the total number of these producers. Instead, based on the number of companies
for these four product classes (97) and the average number of establishments per company for
the stamping industry as a whole (1.05) (see Chapter IV: Section 9 of this PEA), ERG estimated
that a total of 102 (97 x 1.05) establishments are operated by these companies. This estimate

was brought forward to an estimate for 2010 by multiplying this number by the ratio of total
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number of establishments in this NAICS in the 2010 CBP (1,484) to same number in the 2007
Economic Census (1,528), giving an estimate of 99 establishments in 2010 (102 X (1484/1528)).
Based on discussions with industry representatives, OSHA concluded that approximately
75 percent of metal stamping establishments producing parts for the electronics industry work
with copper-beryllium alloys. Table 111-7 at the end of this section shows the estimated number
of 74 establishments (75 percent of 99 establishments) in the metal stamping industry that use
copper-beryllium alloys. OSHA has preliminarily determined that these estimates account for all

establishments in the metal stamping industry where workers are at risk of beryllium exposures.

NAICS 334417: Electronic Connector Manufacturing

According to the 2010 County Business Patterns, electronic connector industries (NAICS
334417) comprise 231 establishments, with about one-half of these being small establishments
having fewer than 20 employees.

None of the industry sources ERG contacted could estimate the share of electronic
connector manufacturers that use copper-beryllium, but, because of the cost of this alloy, most
sources believe that the number of users in this sector is limited. This assumption is supported
by a review of information on connector manufacturers in the Thomas Register and on the
Internet (Thomas Register, 2002; Thomas Net, 2006). Based on these sources, OSHA
preliminarily estimates that 20 percent of electronic connector manufacturers use copper-
beryllium alloys. Applying this percentage to the establishment figures from the 2010 County
Business Patterns, the Agency estimates in Table I11-7 that 46 establishments in this industry

(231 x .20) use beryllium alloys.

111-32 Beryllium PEA



NAICS 336322: Other Motor Vehicle Electric and Electronic Equipment Manufacturing

According to the 2010 County Business Patterns, 636 establishments produce automotive
electrical and electronic equipment (NAICS 336322). This industry is dominated by small and
mid-sized establishments.

Data describing the number of automotive parts manufactured using beryllium alloys are
not available. Based on an earlier analysis of data from the 2002 Economic Census and the
Materion customer database, ERG estimated that about 25 percent of automotive parts
manufacturers perform stamping of beryllium alloys, primarily for electronic applications (see
Chapter IV, Section 9). Applying this percentage to the establishment and employment figures
from the 2010 County Business Patterns, the Agency estimates that 159 establishments (636 x

.25) in this industry use beryllium alloys.

Estimates of the Number of Affected Employees

For all sectors, OSHA has assumed that the number of employees per establishment in
affected establishments is the same as that for all establishments in their respective six-digit
NAICS. Table I1I-7 presents the Agency’s estimates of the number of employees and affected
employees in the stamping, spring, and connector manufacturing application group. OSHA

requests comment and additional data regarding these estimates.
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Table 1lI-7
Stamping, Spring, and Connector Manufacturing
NAICS code Industry Establishments Employees Affected Affected
332116 Metal stamping 48,855 74 2,436
332612 Light gauge spring manufacturing 10,329 323 10,329
334417 Electronic connector manufacturing 19,538 46 3,908
336322 Other motor vehicle electrical & electronic equipment 38,475 159 9,619
Total 117,197 602 26,292
Sources: U.S. Census Bureau, 2002 Economic Census; 2010 County Business Patterns; OSHA Office of Regulatory Analysis
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8. Welding

For the purposes of assessing beryllium exposure, welding operations can be divided into
two broad categories: arc and gas welding, and resistance welding.** For both broad categories
beryllium exposures are not common, and when observed are low (see Chapter IV: Section 10 of

this PEA).

a. Arcand gas welding

Beryllium exposures can occur in arc and gas welding operations when welding on base
materials containing beryllium and when using equipment with electrodes that include beryllium
(hereafter generally referred to simply as “welding”). Note “gas welding” in this context also
uses electrodes; the gas used is to protect the weld from the atmosphere.

The principal area of welding exposures is among workers welding beryllium or
beryllium-alloy products. The exposure profile in OSHA’s technological feasibility analysis
indicates that exposures do occur among these workers (see Chapter 1V: Section 10 of this PEA).

ERG used data from a 2001 Materion customer survey to estimate the number of
employers engaged in welding beryllium or beryllium-alloy products (ERG, 2005; Kolanz,
2001). In using these data, ERG assumed that Materion customers comprise essentially all
domestic users of beryllium-containing materials. While there is one other domestic and one
international supplier of beryllium-containing materials, these firms have a much smaller
presence in the market, and most of their customers also purchase supplies from Materion.

Materion’s customer survey reported that Materion customers employ roughly 2,000

workers who are engaged in welding—1,697 in strip customer facilities and 332 in bulk product

% An extended discussion of the difference between arc and gas welding and resistance welding is
presented in Chapter IV: Section 10 of this PEA.
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customer facilities (Kolanz, 2001). Using ERG’s estimate that the average establishment
employs 4 welders® yields an estimate of 500 establishments that perform these operations.

To distribute these 500 establishments among the appropriate NAICS industries, ERG
used beryllium sampling data from OSHA’s IMIS database to identify those SIC-classified
industries** where beryllium alloy welding is likely to be performed, and then mapped these SIC
industry codes to NAICS industry codes (OSHA, 2009). This procedure gives an estimate of the
relevant number of establishments in these industries, but not every establishment in these
industries performs such welding operations.

The 2010 Occupational Employment Survey reported the share of establishments
employing arc and gas welders in each industry. ERG multiplied the corresponding share for
welding occupations by the number of establishments in each selected industry (as reported by
the 2010 County Business Patterns) to calculate the number of establishments in each industry
where welding is estimated to be performed. This procedure resulted in an estimate of a total of
17,317 welding establishments across all the relevant industries.

Assuming establishments welding on beryllium alloys are evenly distributed across these
industries, ERG multiplied the ratio of 500 beryllium-alloy welding establishments to 17,317
welding establishments overall (500/17,317 = 2.9%), by the number of welding establishments in
each industry to generate the industry-specific estimates of the number of beryllium-alloy

welding establishments. These totals were then multiplied by 4 (estimated number of welders

% The 2010 OES shows an average of roughly 8 “welders, cutters, solderers, and brazers” per
establishment in the 4-digit welding NAICS. Notably, some share of these do not work on alloys, and “cutters,
solderers, and brazers” are not welders. In the absence of more detailed information about how many of these
workers are performing cutting, soldering, brazing, or welding, ERG assumed that half are welding on alloys and
that the workers in each job (welder, cutter, solderer, or brazer) are distributed evenly among facilities. Thus, OSHA
estimates an average of 4 welders per establishment.

3 IMIS still uses the Standard Industrial Classification (SIC) industry classification system, the precursor to
the current NAICS system.
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per establishment) to estimate the numbers of beryllium alloy welders in each industry. Table

[11-8 presents the resulting beryllium-alloy welders and welding establishment estimates.

b. Resistance welding

In resistance welding, exposures may occur from beryllium in the base metal or in the
electrodes of the welding equipment. However, as discussed in greater detail in Chapter I1V:
Section 10 of this PEA, ERG’s review of IMIS data found only very low exposures for resistance
welders, suggesting most exposures well below the proposed PEL of 0.2. Nevertheless, in
limited circumstances exposures above the Action Level of 0.1 may occur.

Multiple sources indicate that copper-beryllium resistance welding electrodes might be
used in any industry where spot, projection, or seam welding occurs; however, these types of
electrodes are used primarily in three industries: (1) the majority are used in NAICS 3363:
Motor Vehicle Parts Manufacturing Industry; with additional uses in (2) NAICS 333415: Air-
Conditioning and Warm Air Heating Equipment, and Commercial and Industrial Refrigeration
Equipment Manufacturing; and (3) NAICS 3352: Household Appliance Manufacturing (Burnett,
2001; Foley; 2001; Green, 2001; Mitchell, 2001; and Pelkey, 2001). One supplier estimates that
these three industries account for approximately 90 percent of the market for copper-beryllium
electrodes (Burnett, 2001). According to the American Welding Society, roughly half of welding
machine operators might operate various types of resistance welding machines (Mitchell, 2001).
Based on discussions with industry contacts, ERG analysts consider that beryllium-affected
industries are more likely to use resistance welding, versus gas or arc welding, and so estimate
that 75 percent of welders are resistance welding machine operators in these industries. Data

from the 2010 OES (BLS, 2010) show that between 5 and 7 percent of establishments in these
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industries, or about 400, employ a total of approximately 6,000 resistance welders. These

estimates for resistance welding are summarized in Table 111-9.
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Table 111-8

Arc and Gas Welding

Establishments Where Arc or Gas Welding is Performed

NAICS Total Total Total Total Establishments Welding  Affected
code Industry Establishments Employees |Establishments ~ Employees Beryllium Employees
331111 Iron and steel mills 587 94,089 194 1,062 7 27
331221 Rolled steel shape manufacturing 161 9,971 40 85 1 6
331513  Steel foundries (except investment) 220 13,874 40 85 1 5
332117 Powder metallurgy part manufacturing 133 6,707 27 46 1 4
332212 Hand and edge tool manufacturing 1,066 25,098 85 69 3 12
332312 Fabricated structural metal manufacturing 3,407 89,728 1,635 1,473 56 224
332313  Plate work manufacturing 1,288 28,400 618 466 21 85
332322 Sheet metal work manufacturing 4,173 91,364 2,003 1,500 69 274
332323 Ornamental and architectural metal work m 2,354 30,029 1,130 493 39 155
332439 Other metal container manufacturing 370 12,553 196 228 7 27
332919 Other metal valve and pipe fitting manufacturing 265 14,688 80 151 3 11
332999 Allother miscellaneous fabricated metal product manufacturing 3,262 65,821 979 675 33 134
333111 Farmmachinery and equipment manufacturing 1,041 53,133 583 1,018 20 80
333414 Heating equipment (except warmair furnaces) manufacturing 460 16,768 175 218 6 24
333911 Pump and pumping equipment manufacturing 571 31,272 194 364 7 27
333922 Conveyor and conveying equipment manufacturing 776 26,970 264 314 9 36
333924 Industrial truck, tractor, trailer, and stacker machinery manufacturing 374 19,974 127 232 4 17
333999 Allother miscellaneous general purpose machinery manufacturing 1,524 43,401 518 505 18 71
336211 Motor vehicle body manufacturing 742 38,587 438 el 15 60
336214 Travel trailer and camper manufacturing 683 30,803 403 622 14 55
336399 Allother motor vehicle parts manufacturing 1,350 95,426 216 522 7 30
336510 Railroad rolling stock 226 24,491 79 293 3 11
336999 Allother transportation equipment manufacturing 374 10,846 105 104 4 14
337215 Showcase, partition, shelving, and locker manufacturing 1,194 33,195 96 91 3 13
811310 Commercial and industrial machinery and equipment repair 21,960 181,220 4,172 1,178 143 571

Total 48,561 1,088,408 14,396 12,572 492 1,970

Sources: OSHA IMIS, U.S. Census Bureau, 2002; BLS, 2003; OSHA Office of Regulatory Analysis
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Table I11-9

Resistance Welding

Establishments Where Resistance Welding is Performed

NAICS Total Total Total Total Establishments Welding  Affected
code Industry Establishments Employees | Establishments  Employees Beryllium Employees
333411 Air purification equipment manufacturing 358 14,521 25 1,016 98
333412 Industrial and commercial fan and blower manufacturing 151 6,908 11 484 47
333414 Heating equipment (except warmair furnaces) manufacturing 460 16,768 32 1,174 113

Air-conditioning, warm air heating, and industrial refrigeration
333415 equipment manufacturing 843 79,651 59 5,576 537
335211 Electric housewares and household fan manufacturing 106 5,980 5 299 55
335212 Household vacuum cleaner manufacturing 34 2,577 2 129 24
335221 Household cooking appliance manufacturing 96 9,730 5 487 89
335222 Household refrigerator and home freezer manufacturing 22 9,731 1 487 89
335224 Household laundry equipment manufacturing 11 8,051 1 403 74
335228 Other major household appliance manufacturing 38 9,023 2 451 83
336311 Carburetor, piston, piston ring, and valve manufacturing 109 7,370 5 369 87
336312 Gasoline engine and engine parts manufacturing 742 36,896 37 1,845 437
336321 \ehicular lighting equipment manufacturing 93 9,218 5 461 109

Other motor vehicle electrical and electronic equipment
336322 manufacturing 636 38,475 32 1,924 456

Motor vehicle steering and suspension components (except spring)
336330 manufacturing 246 26,118 12 1,306 310
336340 Motor vehicle brake system manufacturing 199 20,245 10 1,012 240
336350 Motor vehicle transmission and power train parts manufacturing 476 51,171 24 2,559 607
336360 Motor vehicle seating and interior trim manufacturing 403 39,805 20 1,990 472
336370 Motor vehicle metal stamping 736 66,985 37 3,349 794
336391 Motor vehicle air-conditioning manufacturing 80 11,207 4 560 133
336399 All other motor vehicle parts manufacturing 1,350 95,426 68 4,771 1,131

Total 7,189 565,856 396 30,650 5,985
Sources: U.S. Census Bureau, 2010; BLS, 2010; OSHA Office of Regulatory Analysis
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9. Dental Laboratories

Dental technicians and other dental workers may be exposed to beryllium,
primarily while performing induction casting and finishing the metal framework for
dental prosthetic devices—specifically crowns, bridges, and cast partial dentures—made
from beryllium-containing metal alloys. Beryllium is added to some dental alloys
(typically in quantities of 0.5 to 2.0 percent) to improve strength, corrosion resistance,
and elasticity; it is considered to be a less expensive alternative to silver and gold.
Crowns and bridges are typically made of metal, ceramic, or a blend of metal and
ceramic materials. Metals used to make crowns and bridges are often divided into
precious (gold, etc.) and non-precious alloys. Beryllium occurs only in dental prosthetics
made with non-precious Nickel-Chromium-Beryllium (Ni-Cr-Be) alloys.

These beryllium exposures occur in dental laboratories located in two types of
establishments: onsite laboratories that are part of a dental office, which are included in
NAICS 621210: Offices of Dentists, and separate laboratories included in NAICS

339116: Dental Laboratories.

Estimates of the Number of Affected Dental Offices

According to the 2010 County Business Patterns, there are 129,830
establishments in NAICS 621210: Offices of Dentists, which employ a total of 846,092
persons. Beryllium exposure for these offices occurs in captive dental laboratories where
technicians might be making dental appliances containing beryllium alloys. OSHA is not
aware of any published data regarding the number of dentists’ offices that include captive

dental laboratories, but a representative of the National Association of Dental
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Laboratories estimates that 950 dental practices include such laboratories (see Chapter

IV: Section 11 of this PEA).

Estimated Number of Affected Dental Laboratories

According to the 2010 County Business Patterns, there are 6,995 establishments
in NAICS 339116: Dental Laboratories. These establishments employ a total of 44,030
persons. Most of the establishments are small: over 94 percent of them have fewer than
20 employees.

While there appears to be some continuing use of beryllium in dental labs for
dental implements in the United States, recently there seems to have been a significant
shift away from the use of beryllium alloys and towards beryllium-free alternatives. Paul
Cascone—Senior Vice President of Technology, Argen, Inc. (San Diego, California), and
an expert on the market for suppliers of dental laboratory materials—has reported on the
market share of Ni-Cr-Be alloys over a period of ten years. In 2004, he indicated that
non-precious metals accounted for 50 percent of the market for dental materials used to
make crowns and bridges, of which 90 percent contained beryllium. In 2011 he reported
that the non-precious metal share of the market had declined to 40 percent, where again
90 percent contained beryllium. In 2012 and 2013, he noted that due to a continuing
increase in the market share of ceramics, non-precious metals’ market share had fallen to
30 percent, where the same 90 percent of that non-precious metals continued to be
beryllium-containing alloys. In short, the share of dental implements using beryllium
declined from 45 percent to roughly 25 percent over the nine-year period from 2004 to
2013. Much of the shift to ceramics was driven by what is perceived as their superior

aesthetics and that within the metal-based part of that market, numerous beryllium-free
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alternatives are increasingly used (ERG, 2013). Based on ERG discussions with Mr.
Cascone (Cascone, 2012 and 2013) and with other industry sources, OSHA estimates that
25 percent of the 6,995 dental laboratories (1,749) currently use beryllium alloy to some
extent. (Because current data and future trends are uncertain, OSHA will examine the
effects of alternative levels of beryllium use in dental labs in its sensitivity analysis
presented in Chapter VI of this PEA.)

Due to the declining market-share for non-precious alloys, the increasing
popularity of dental prosthetics made with ceramic materials, and the availability of
beryllium-free alternatives, the Agency estimates that, after the promulgation of the
proposed beryllium standard, 75 percent of the 1,749 (0.75 X 1,749 = 1,312) dental
laboratories currently using a beryllium alloy will substitute a non-beryllium alloy due to
the increased regulatory costs of working with beryllium, leaving 437 laboratories (1,749
- 1,312) with employees potentially exposed to beryllium in NAICS 339116: Dental
Laboratories.

Given the dynamic nature of this market, the Agency invites comment on the
extent of beryllium use in the dental laboratories materials market and possible future
trends in usage. As well, the Agency solicits comment on possible changes to exposure
levels for dental lab employees due to these movements (see also Section IX of the
preamble.) The Agency discusses specific details of the dental market in greater detail in
Chapter V of this PEA. Table 111-8 shows the estimated number of dental labs and labs

in dentists’ offices. OSHA invites comment on these estimates.

Estimates of the Number of Affected Employees
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Occupational employment data indicate that most employees in dental
laboratories (NAICS 339116) are dental laboratory technicians (2010 OES). According
to the 2010 County Business Patterns, there are 6,995 establishments in NAICS 339116,
Dental Laboratories (U.S. Census Bureau, 2010). These establishments employ a total of
44,030 workers. Occasionally, a dentist office (NAICS 621200, Offices of Dentists) may
contain a captive dental laboratory that performs the activities of dental laboratories in
NAICS 339116. The 2010 County Business Patterns reports 129,830 establishments and
846,092 employees in NAICS 621200. While no data exist on the number of dentist
offices that contain captive dental laboratories, a representative of the National
Association of Dental Laboratories estimates that 950 dental practices include a captive
dental laboratory (Napier, 2004). Assuming that these 950 dental practices employ the
average number of workers per establishment in NAICS 621200, there are a total of
6,191 (846,092/129,830 x 950) employees in dental laboratories contained in dentist
offices. Based on discussions with industry sources, OSHA estimates that approximately
25 percent of dental laboratories use beryllium alloys (Cascone, 2013; ADA, 2011).
Thus, OSHA estimates 1,749 (0.25 x 6,995) affected establishments in NAICS 339116
and 238 (0.25 x 950) affected establishments in NAICS 621200 for a total of 1,986
affected establishments. Assuming that these establishments employ the average number
of workers for their respective industries, OSHA estimates 11,008 (44,030/6,995 x 1,749)
affected employees in NAICS 339116 and 1,548 (846,092/129,830 x 238) affected
employees in NAICS 621200. Thus a total of 1,986 affected dental laboratories employ
12,555 (11,008 + 1,548) workers. Table 111-10 contains OSHA’s estimate of the number

of employees in dental labs, and those employed in dentist offices, who are estimated to
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currently work with beryllium alloys. OSHA invites comments on these estimates.

Table 111-10

Dental Laboratories

Laboratories in

NAICS Total Total Offices of Affected Affected
code Industry Establishments Employees Dentists Establishments Employees
339116 Dental laboratories 6,995 44,030 - 1,749 11,008
621210 Offices of dentists 129,830 846,092 950 238 1,548

Total 136,825 890,122 950 1,986 12,555

Sources: U.S. Census Bureau, 2010; BLS, 2008; OSHA Office of Regulatory Analysis

10. Other Industries

There is anecdotal evidence that beryllium materials may be used in other
industries and products, and hence there may be employers and employees affected by
the proposed rule in those industries. Beryllium use has been reported in jewelry, golf
clubs, and bicycles, but OSHA has not been able to confirm that beryllium is currently
used in the production of these items. U.S. laboratory workers may have exposure to
beryllium salts where Beryllium Lymphocyte Proliferation Tests (BeLPT) are processed
(NJMRC, 2003). Employees in the private aerospace industry may have exposure to
beryllium, but OSHA has not been able to confirm a report that non-military personnel
perform work on aircraft using beryllium parts. The Agency has preliminarily concluded
that it has captured elsewhere in this industry profile® the machining and production of
beryllium-containing airplane parts in NAICS 332721: Precision Turned Products

Manufacturing.

% Specifically, in the Precision Turned Products application group, which consists of 332721a
(Precision Turned Products Manufacturing - using high content beryllium alloys) and 332721b (Precision
Turned Products Manufacturing - using low content beryllium alloys).
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The Agency is aware that commercial laundries that wash uniforms of beryllium-
exposed workers may have potential exposure. OSHA has preliminarily judged that this
does not present a likely health risk so long as such clothing is handled by commercial
laundries experienced in working with clothing contaminated with hazardous materials.
In practice, these types of commercial laundries are almost exclusively providers of such
services. OSHA currently has no evidence of exposures to workers in these types of
establishments and no evidence of any improper handling. The proposed rule would
require “laundering, cleaning, ... at an appropriate location or facility away from the
workplace,” meaning that the laundering service must already be equipped to handle
hazardous materials without exposing their employees (see Section (h)(2)(iv) of the
proposed rule).

The Agency seeks comment on these and any other affected industries. The
Agency expects that any newly identified industries are likely to have incidental or very
low exposures relative to the proposed PEL. Thus, OSHA anticipates that any additional
industries would have costs and economic impacts similar to low-exposure industries
described above, such as metal stampers, where there are only some costs for ancillary

provisions (and no costs for engineering controls).

SUMMARY OF AFFECTED ESTABLISHMENTS AND EMPLOYERS

As shown in Table I11-11, OSHA estimates that a total of 35,051 workers in 4,088
establishments will be affected by the proposed beryllium standard. Also shown are the
estimated annual revenues for these entities. Table 111-12 presents similar information for

small entities, as defined by the Small Business Administration (SBA), estimated to be
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affected by the proposal. Table 111-13 presents the same information for the subset of

small entities with fewer than 20 employees.

BERYLLIUM EXPOSURE PROFILE OF AT-RISK WORKERS

The technological feasibility analyses presented in Chapter IV of this PEA
contain data and discussion of worker exposures to beryllium throughout industry, and
the exposure profiles presented here were taken directly from that chapter. Exposure
profiles, by job category, were developed from individual exposure measurements that
were judged to be substantive and to contain sufficient accompanying description to
allow interpretation of the circumstance of each measurement. The resulting exposure
profiles show the job categories with current overexposures to beryllium and, thus, the
workers for whom beryllium controls would be implemented under the proposed rule.

Table I11-14 summarizes, from the exposure profiles, the number of workers at
risk from beryllium exposure and the distribution of 8-hour TWA respirable beryllium
exposures by affected job category and sector. Exposures are grouped into the following
ranges: less than 0.1 ug/m?’; >0.1 ug/m3 and <0.2 ug/m?’; >0.2 j,tg/m3 and <0.5 ug/m3;
>0.5 ug/m3 and<1.0 ug/m?’; >1.0 ug/m3 and <2.0 ug/ms; and greater than 2.0 ug/m3.
These frequencies represent the percentages of production employees in each job
category and sector currently exposed at levels within the indicated range.

Table I11-15 presents data by NAICS code on the estimated number of workers
currently at risk from beryllium exposure, as well as the estimated number of workers at
risk of beryllium exposure above 0 pg/m°, at or above 0.1 pg/m?, at or above 0.2 ug/m?’,

at or above 0.5 ug/m3, at or above 1.0 pg/m3, and at or above 2.0 ug/m?’. As shown, an
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estimated 12,105 workers currently have beryllium exposures at or above the proposed
action level of 0.1 pg/m®; and an estimated 8,095 workers currently have beryllium

exposures above the proposed PEL of 0.2 pg/m®,
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Table IlI-11

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM—ALL ENTITIES

NAICS Industry Total Entities [a] Estab-:-i:Lal':1ents Total Employees Affected Affected E:;T::;:s Total Revenues Revenues/Entity Revenues/Establishment
ral [a] Entities [b]  Establishments [b] b] ($1,000) [c] ($1,000) ($1,000)

Beryllium Oxide

327113 Porcelain Electrical Supply Manufacturing (SIC 3264) 94 106 4,310 14 16 259 $789,731 $8,401 $7,450

334220 Cellular telephones manufacturing 724 810 79,732 9 10 119 $35,475,343 $48,999 $43,797

334310 Compact disc players manufacturing 460 464 8,858 5 5 59 $3,975,351 $8,642 $8,568

334411 Electron Tube Manufacturing BeO traveling wave tube 62 79 4,884 16 21 250 $1,220,476 $19,685 $15,449

334415 Electronic resistor manufacturing 50 61 3,722 10 12 143 $560,967 $11,219 $9,196

334419 Other electronic component manufacturing 1,058 1,133 46,836 8 9 107 $10,013,730 $9,465 $8,838

334510 Electromedical equipment manufacturing 555 629 66,107 8 9 107 $27,480,966 $49,515 $43,690

Other motor vehicle electrical and electronic

336322 equipment manufacturing 585 636 38,475 9 10 119 $12,152,053 $20,773 $19,107
Beryllium Production

331419 Primary Smelting and Refining of Nonferrous Metals 140 161 8,943 1 1 616 $8,524,863 $60,892 $52,949
Dental Laboratories

339116 Dental laboratories 6,718 6,995 44,030 1,680 1,749 8,148 $4,100,626 $610 $586

621210 Offices of dentists 123,322 129,830 846,092 226 238 1,107  $100,431,324 $814 $774
Fabrication

332612 Light gauge spring manufacturing 269 323 10,329 269 323 2,071 $2,167,977 $8,059 $6,712

332116 Metal stamping 1,413 1,484 48,855 70 74 496 49,749,800 $6,900 $6,570

334417 Electronic connector manufacturing 198 231 19,538 40 46 310 $5,029,508 $25,402 $21,773

336322 Other motor vehicle electrical & electronic equipmen 585 636 38,475 146 159 1,066 $12,152,053 $20,773 $19,107
Foundries

331521 Aluminum die-casting foundries 228 254 18,017 6 7 98 $4,310,021 $18,904 $16,969

331522 Nonferrous (except aluminum) die-casting foundries 137 140 6,362 37 38 534 $1,510,799 $11,028 $10,791

331524 Aluminum foundries (except die-casting) 366 394 15,178 7 7 98 $2,518,097 $6,880 $6,391

331525 Copper foundries (except die-casting) 201 208 5,123 43 45 674 $1,205,574 $5,998 $5,796
Machining

332721 Precision turned product manufacturing 3,057 3,124 78,749 306 312 3,764 $13,262,706 $4,338 $4,245
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Table 11I-11

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM—ALL ENTITIES

NAICS Industry Total Entities [a] Estab:;:;arLents Total Employees Affected Affected E:\f;Ie:;::s Total Revenues Revenues/Entity Revenues/Establishment
fal [a] Entities[b]  Establishments [b] Ib] ($1,000) [c] ($1,000) ($1,000)
Rolling and Drawing
331421 Copper rolling, drawing, and extruding 70 96 9,849 11 15 1,539 $12,513,425 $178,763 $130,348
331422 Copper wire (except mechanical) drawing 84 114 9,847 43 59 5,096 36,471,491 $77,042 $56,767
Smelting
331314 Secondary smelting & alloying of aluminum 98 122 4,846 1 1 9 $4,837,129 $49,358 $39,649
331421 Copper rolling, drawing, and extruding 70 96 9,849 1 1 9 $12,513,425 $178,763 $130,348
331423 Secondary smelting, refining, & alloying of copper 23 24 789 3 3 27 $723,759 $31,468 $30,157
Secondary Smelting, Refining, and Alloying of
331492 Nonferrous Metal (Except Copper and Aluminum) 217 248 9,696 26 30 270 $8,195,807 $37,769 $33,048
Resistance Welding
333411 Air Purification Equipment Manufacturing 303 358 14,521 21 25 379 $3,060,744 $10,101 $8,550
Industrial and Commercial Fan and Blower
333412 Manufacturing 135 151 6,908 9 11 160 $1,681,585 $12,456 $11,136
Heating Equipment (except Warm Air Furnaces)
333414 Manufacturing 433 460 16,768 30 32 487 $4,781,561 $11,043 $10,395
Air-Conditioning, Warm Air Heating, and Industrial
333415 Refrigeration Equipment Manufacturing 695 843 79,651 49 59 893 $25,454,383 $36,625 $30,195
Electric Housewares and Household Fan
335211 Manufacturing 101 106 5,980 5 5 80 $2,209,657 $21,878 $20,846
335212 Household Vacuum Cleaner Manufacturing 29 34 2,577 1 2 26 $891,600 $30,745 $26,224
335221 Household Cooking Appliance Manufacturing 91 96 9,730 5 5 73 $3,757,849 $41,295 $39,144
Household Refrigerator and Home Freezer
335222 Manufacturing 16 22 9,731 1 1 17 $4,489,845 $280,615 $204,084
335224 Household Laundry Equipment Manufacturing 9 11 8,051 1 1 8 $3,720,514 $413,390 $338,229
335228 Other Major Household Appliance Manufacturing 34 38 9,023 2 2 29 $3,499,273 $102,920 $92,086
Carburetor, Piston, Piston Ring, and Valve
336311 Manufacturing 97 109 7,370 5 5 82 $1,715,429 $17,685 $15,738
336312 Gasoline Engine and Engine Parts Manufacturing 697 742 36,896 35 37 561 $20,000,705 $28,695 $26,955
336321 Vehicular Lighting Equipment Manufacturing 86 93 9,218 4 5 70 $2,322,610 $27,007 $24,974
Other Motor Vehicle Electrical and Electronic
336322 Equipment Manufacturing 585 636 38,475 29 32 481 $12,152,053 $20,773 $19,107
Motor Vehicle Steering and Suspension Components
336330 (except Spring) Manufacturing 209 246 26,118 10 12 186 $8,856,584 $42,376 $36,002
336340 Motor Vehicle Brake System Manufacturing 159 199 20,245 8 10 150 $8,147,826 $51,244 $40,944
Motor Vehicle Transmission and Power Train Parts
336350 Manufacturing 397 476 51,171 20 24 360 $21,862,014 $55,068 $45,929
Motor Vehicle Seating and Interior Trim
336360 Manufacturing 305 403 39,805 15 20 305 $15,168,862 $49,734 $37,640
336370 Motor Vehicle Metal Stamping 599 736 66,985 30 37 557 $19,809,238 $33,071 $26,915
336391 Motor Vehicle Air-Conditioning Manufacturing 72 80 11,207 4 4 61 $3,798,464 $52,756 $47,481
336399 All Other Motor Vehicle Parts Manufacturing 1,156 1,350 95,426 58 68 1,021 $32,279,766 $27,924 $23,911
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Table IlI-11

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM—ALL ENTITIES

NAICS Industry

Welding

331111 Iron and Steel Mills

331221 Rolled Steel Shape Manufacturing

331513 Steel Foundries (except Investment)

332117 Powder Metallurgy Part Manufacturing

332212 Hand and Edge Tool Manufacturing

332312 Fabricated Structural Metal Manufacturing

332313 Plate Work Manufacturing

332322 Sheet Metal Work Manufacturing
Ornamental and Architectural Metal Work

332323 Manufacturing

332439 Other Metal Container Manufacturing

332919 Other Metal Valve and Pipe Fitting Manufacturing
All Other Miscellaneous Fabricated Metal Product

332999 Manufacturing

333111 Farm Machinery and Equipment Manufacturing
Heating Equipment (except Warm Air Furnaces)

333414 Manufacturing

333911 Pump and Pumping Equipment Manufacturing

333922 Conveyor and Conveying Equipment Manufacturing
Industrial Truck, Tractor, Trailer, and Stacker

333924 Machinery Manufacturing
All Other Miscellaneous General Purpose Machinery

333999 Manufacturing

336211 Motor Vehicle Body Manufacturing

336214 Travel Trailer and Camper Manufacturing

336399 All Other Motor Vehicle Parts Manufacturing

336510 Railroad Rolling Stock

336999 All Other Transportation Equipment Manufacturing
Showcase, Partition, Shelving, and Locker

337215 Manufacturing

Commercial and Industrial Machinery and Equipment

811310 Repair
Total

[a] US Census Bureau, Statistics of US Businesses, 2010.
[b] OSHA estimates of employees potentially exposed to beryllium and associated entities and establishments. Affected entities and establishments constrained to be less than or equal to the number of affected employees.
[c] Estimates based on 2007 receipts and payroll data from US Census Bureau, Statistics of US Businesses, 2007, and payroll data from the US Census Bureau, Statistics of US Businesses, 2010. Receipts are not reported for 2010
but were estimated assuming the ratio of receipts to payroll remained unchanged from 2007 to 2010.
Source: US Dept. of Labor, OSHA, Directorate of Evaluation and Analysis, Office of Regulatory Analysis, based on ERG, 2012.

Total

Total Entities [a] Establishments

461
134
203
121
999

3,081

1,252

3,907

2,314
321
240

3,195
975

433
445

737
347
1,463
652
602
1,156
157
366
1,144

20,299

[a]

587
161
220
133
1,066
3,407
1,288
4,173

2,354
370
265

3,262
1,041

460
571

776
374
1,524
742
683
1,350
226
374
1,194

21,960

Total Employees

[a]

94,089

9,971
13,874

6,707
25,098
89,728
28,400
91,364

30,029
12,553
14,688

65,821
53,133

16,768
31,272

26,970
19,974
43,401
38,587
30,803
95,426
24,491
10,846
33,195

181,220

111-51

Affected
Entities [b]

W Rk Rk R0

51
21
64

38

33
19

17
13
12

N

132
3,795

Affected
Establishments [b]

[ R

56
21
69

39

33
20

18
15
14

w

143
4,088

Affected
Employees

[b]

155
27
11

134
80

24
27

36

17

71
60
55
30
11
14

13

571
35,051

Total Revenues Revenues/Entity Revenues/Establishment

($1,000) [c]

$92,726,004
$8,376,271
$4,251,852
$1,414,108
$5,077,868
$26,119,614
$6,023,356
$17,988,908

$5,708,707
$3,565,875
$4,584,082

$13,963,184
$24,067,145

$4,781,561
$12,395,387

$6,569,120
$7,444,451
$10,972,258
$9,877,558
$7,465,024
$32,279,766
$11,927,191
$5,250,368
$5,815,404

$31,650,469

($1,000)

$201,141
$62,509
$20,945
$11,687
$5,083
$8,478
$4,811
$4,604

$2,467
$11,109
$19,100

$4,370
$24,684

$11,043
$27,855

$8,913
$21,454
$7,500
$15,150
$12,400
$27,924
$75,969
$14,345
$5,083

$1,559

($1,000)

$157,966
$52,027
$19,327
$10,632
$4,763
$7,666
$4,677
$4,311

$2,425
$9,638
$17,298

$4,281
$23,119

$10,395
$21,708

$8,465
$19,905
$7,200
$13,312
$10,930
$23,911
$52,775
$14,038
$4,871

$1,441
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Table 1lI-12

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM--SMALL ENTITIES

NAICS Industry

Beryllium Oxide

327113 Porcelain Electrical Supply Manufacturing (SIC 3264)
334220 Cellular telephones manufacturing
334310 Compact disc players manufacturing

Electron Tube Manufacturing BeO traveling wave
334411 tubes
334415 Electronic resistor manufacturing
334419 Other electronic component manufacturing
334510 Electromedical equipment manufacturing

Other motor vehicle electrical and electronic
336322 equipment manufacturing

Beryllium Production

331419 Primary Smelting and Refining of Nonferrous Metals

Dental Laboratories
339116 Dental laboratories
621210 Offices of dentists

Fabrication
332612 Light gauge spring manufacturing
332116 Metal stamping
334417 Electronic connector manufacturing
Other motor vehicle electrical & electronic
336322 equipment

Foundries
331521 Aluminum die-casting foundries

331522 Nonferrous (except aluminum) die-casting foundries
331524 Aluminum foundries (except die-casting)
331525 Copper foundries (except die-casting)

Machining
332721 Precision turned product manufacturing

SBA Small

Business Classifi- Small Business Estab-lishments for

cation
(Employees) [a]

500
750
750

750
500
500
500

750

750

500
100

500
500
500

750

500
500

500
500

500

Entities [b]

85
724
460

62
46
990
494

585

140

6,703
123,077

262
1,367
176

585

209
129

351
195

3,006

SBA Entities [b]

89
810
464

79

51

1,013
501

636

161

6,741
125,828

289
1,419
181

636
217
131

367
200

3,059
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SBA Entity
Employees [b]

2,244
79,732
8,858

4,884
2,215
26,996
14,943

38,475

8,943

35,967
798,856

6,367
40,056
7,608

38,475

10,558
3,685

10,862
4,098

70,334

Affected Small
Business Entities

[c]

1,676
225

262
68
35

146

35

42

301

Affected
Employees
for SBA
Entities [c]

102
119
59

250
85
62
24

119

6,656
1,045

1,276
407
121

1,066

58
310

70
539

3,362

Total Revenues
for SBA Entities
($1,000) [d]

$326,127
$35,475,343
$3,975,351
$1,220,476
$385,781
$4,796,313
$3,752,243

$12,152,053

$8,524,863

$3,156,130
$94,120,777

$1,030,905
$7,693,541
$1,556,871

$12,152,053

$2,070,759
$813,444

$1,690,008
$925,667

$11,393,081

Revenues Per SBA
Entity ($1,000)

$3,837
$48,999
$8,642

$19,685
$8,387
$4,845
$7,596

$20,773

$60,892

$471
$765

$3,935
$5,628
$8,846

$20,773

$9,908
$6,306

$4,815
$4,747

$3,790

Revenues per SBA
Establish-ment ($1,000)

$3,664
$43,797
$8,568
$15,449
$7,564
$4,735
$7,490

$19,107

$52,949

$468
$748

$3,567
$5,422
$8,601

$19,107
$9,543
$6,209

$4,605
$4,628

$3,724
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Table 11I-12

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM--SMALL ENTITIES

NAICS Industry

Rolling and Drawing
331421 Copper rolling, drawing, and extruding
331422 Copper wire (except mechanical) drawing

Smelting
331314 Secondary smelting & alloying of aluminum
331421 Copper rolling, drawing, and extruding
331423 Secondary smelting, refining, & alloying of copper
Secondary Smelting, Refining, and Alloying of
331492 Nonferrous Metal (Except Copper and Aluminum)

Resistance Welding
333411 Air Purification Equipment Manufacturing
Industrial and Commercial Fan and Blower
333412 Manufacturing
Heating Equipment (except Warm Air Furnaces)
333414 Manufacturing
Air-Conditioning, Warm Air Heating, and Industrial
333415 Refrigeration Equipment Manufacturing
Electric Housewares and Household Fan
335211 Manufacturing
335212 Household Vacuum Cleaner Manufacturing
335221 Household Cooking Appliance Manufacturing
Household Refrigerator and Home Freezer
335222 Manufacturing
335224 Household Laundry Equipment Manufacturing
335228 Other Major Household Appliance Manufacturing
Carburetor, Piston, Piston Ring, and Valve
336311 Manufacturing
336312 Gasoline Engine and Engine Parts Manufacturing
336321 Vehicular Lighting Equipment Manufacturing
Other Motor Vehicle Electrical and Electronic
336322 Equipment Manufacturing
Motor Vehicle Steering and Suspension Components
336330 (except Spring) Manufacturing
336340 Motor Vehicle Brake System Manufacturing
Motor Vehicle Transmission and Power Train Parts
336350 Manufacturing
Motor Vehicle Seating and Interior Trim
336360 Manufacturing
336370 Motor Vehicle Metal Stamping
336391 Motor Vehicle Air-Conditioning Manufacturing
336399 All Other Motor Vehicle Parts Manufacturing

SBA Small

Business Classifi- Small Business Estab-lishments for

cation
(Employees) [a]

750

1,000

750
750
750

750

500
500
500
750
750
750
750
1,000
1,000
500
500
750
500
750

750
750

750

500
500
750
750

Entities [b]

70
84

98
70
23

217

283
118
410
695
101
29
91
16
24
89
697
75

585

209
159

397

273
540
72
1,156

SBA Entities [b]

96
114

122
%
24

248

294
122
417
843
106
34
96
22
11
24
91
742
75
636

246
199

476
283
589

80
1,350
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SBA Entity
Employees [b]

9,849
9,847

4,846
9,849
789

9,696

6,357
4,1
10,097
79,651
5,980
2,577
9,730
9,731
8,051
637
2,073
36,896
2,987

38,475

26,118
20,245

51,171

11,733
28,949
11,207
95,426

Affected Small
Business Entities

[c]

11
43

26

20

29

49

35

29

10

20

14
27

58

Affected
Employees
for SBA
Entities [c]

1,539
5,096

27

270

166
98
293
893
80
26

73

17

23
561
23

481

186
150

360

%
241
61
1,021

Total Revenues
for SBA Entities
($1,000) [d]

$12,513,425
$6,471,491

$4,837,129
$12,513,425
$723,759

$8,195,807

$1,327,014
$1,001,835
$2,583,472
$25,454,383
$2,209,657
$891,600
$3,757,849
$4,489,845
$3,720,514
$185,373
$499,977
$20,000,705
$671,947

$12,152,053

$8,856,584
$8,147,826

$21,862,014

$3,482,677
$7,262,381
$3,798,464
$32,279,766

Revenues Per SBA
Entity ($1,000)

$178,763
$77,042

$49,358
$178,763
$31,468

$37,769

$4,689
$8,490
$6,301
$36,625
$21,878
$30,745
$41,295
$280,615
$413,390
$7,724
$5,618
$28,695
$8,959
$20,773

$42,376
$51,244

$55,068

$12,757
$13,449
$52,756
$27,924

Revenues per SBA
Establish-ment ($1,000)

$130,348
$56,767

$39,649
$130,348
$30,157

$33,048

$4,514
$8,212
$6,195
$30,195
$20,846
$26,224
$39,144
$204,084
$338,229
$7,724
$5,494
$26,955
$8,959

$19,107

$36,002
$40,944

$45,929
$12,306
$12,330

$47,481
$23,911
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Table 1lI-12

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM--SMALL ENTITIES

SBA Small Affected
. . ) ) 3 Affected Small Total Revenues
Business Classifi- Small Business Estab-lishments for  SBA Entity ) L. Employees L
NAICS Industry . L ", Business Entities for SBA Entities
cation Entities [b] SBA Entities [b]  Employees [b] for SBA
[c] . ($1,000) [d]
(Employees) [a] Entities [c]
Welding
331111 Iron and Steel Mills 1,000 461 587 94,089 5 27 $92,726,004
331221 Rolled Steel Shape Manufacturing 1,000 134 161 9,971 1 6 $8,376,271
331513 Steel Foundries (except Investment) 500 188 196 8,933 1 3 $2,739,158
332117 Powder Metallurgy Part Manufacturing 500 106 109 4,358 1 2 $841,084
332212 Hand and Edge Tool Manufacturing 500 975 1,022 17,157 3 8 $3,072,300
332312 Fabricated Structural Metal Manufacturing 500 3,001 3,094 59,199 49 148 $15,405,728
332313 Plate Work Manufacturing 500 1,220 1,240 24,818 20 74 $4,900,364
332322 Sheet Metal Work Manufacturing 500 3,835 3,929 73,321 63 220 $12,607,305
Ornamental and Architectural Metal Work
332323 Manufacturing 500 2,287 2,308 23,712 38 122 $4,118,512
332439 Other Metal Container Manufacturing 500 302 320 7,104 5 15 $1,698,117
332919 Other Metal Valve and Pipe Fitting Manufacturing 500 207 218 7,315 2 5 $2,028,451
All Other Miscellaneous Fabricated Metal Product
332999 Manufacturing 500 3,111 3,155 52,955 32 108 $10,202,505
333111 Farm Machinery and Equipment Manufacturing 500 941 969 22,119 18 33 $5,132,720
Heating Equipment (except Warm Air Furnaces)
333414 Manufacturing 500 410 417 10,097 5 14 $2,583,472
333911 Pump and Pumping Equipment Manufacturing 500 399 417 11,109 5 9 $3,348,262
333922 Conveyor and Conveying Equipment Manufacturing 500 707 731 20,663 8 28 $4,768,668
Industrial Truck, Tractor, Trailer, and Stacker
333924 Machinery Manufacturing 750 347 374 19,974 4 17 $7,444,451
All Other Miscellaneous General Purpose Machinery
333999 Manufacturing 500 1,385 1,404 25,432 16 42 $5,601,674
336211 Motor Vehicle Body Manufacturing 1,000 652 742 38,587 13 60 $9,877,558
336214 Travel Trailer and Camper Manufacturing 500 585 609 13,901 12 25 $2,513,608
336399 All Other Motor Vehicle Parts Manufacturing 750 1,156 1,350 95,426 6 30 $32,279,766
336510 Railroad Rolling Stock 1,000 157 226 24,491 2 11 $11,927,191
336999 All Other Transportation Equipment Manufacturing 500 349 351 4,381 3 6 $941,637
Showcase, Partition, Shelving, and Locker
337215 Manufacturing 500 1,120 1,144 23,705 3 9 43,688,129
Commercial and Industrial Machinery and Equipment
811310 Repair 100 19,857 20,101 109,197 129 344 $17,088,964

Total

All Affected Industries

3,741 28,896

Revenues Per SBA
Entity ($1,000)

$201,141
$62,509
$14,570
$7,935
$3,151
$5,134
$4,017
$3,287

$1,801
$5,623
$9,799

$3,279
$5,455

$6,301
$8,392

$6,745
$21,454
$4,045
$15,150
$4,297
$27,924
$75,969
$2,698
$3,293

$861

[a] Data were not available specifically for small entities with more than 500 employees. For SBA small business classifications specifying 750 or more employees, OSHA used data for all entities in the industry.
[b] US Census Bureau, Statistics of US Businesses, 2010.
[c] OSHA estimates of employees potentially exposed to beryllium and associated entities and establishments. Affected entities and establishments constrained to be less than or equal to the number of affected employees.
[d] Estimates based on 2007 receipts and payroll data from US Census Bureau, Statistics of US Businesses, 2007, and payroll data from the US Census Bureau, Statistics of US Businesses, 2010. Receipts are not reported for 2010,
but were estimated assuming the ratio of receipts to payroll remained unchanged from 2007 to 2010.
Source: US Dept. of Labor, OSHA, Directorate of Evaluation and Analysis, Office of Regulatory Analysis, based on ERG, 2012.
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Revenues per SBA
Establish-ment ($1,000)

$157,966
$52,027
$13,975
$7,716
$3,006
$4,979
$3,952
$3,209

$1,784
$5,307
$9,305

$3,234
$5,297

$6,195
$8,029

$6,523
$19,905
$3,990
$13,312
$4,127
$23,911
$52,775
$2,683
$3,224

$850
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Table 111-13

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM ENTITIES WITH FEWER THAN 20 EMPLOYEESEI

Total
R
Estab. For Employ-ment for Affected Affected Revenues Revenues Per Estaiviz:l:niietries
Entities with <20 Entities with p . v ) Entities with Employees for for Entities Entity with <20 T
NAICS Industry Entities with <20 L X . with <20
Employees [a] <20 Employees Employees[a] <20 Employees  Entities with <20 with <20 Employees Emplovees
[a] ploy [b] Employees [b] Employees ($1,000) (5’; 0‘:)0)
($1,000) [c] ’
Beryllium Oxide
327113 Porcelain Electrical Supply Manufacturing (SIC 3264) 53 53 297 7 11 $52,358 $988 $988
334220 Cellular telephones manufacturing 445 446 2,616 4 4 $576,956 $1,297 $1,294
334310 Compact disc players manufacturing 373 373 1,937 4 13 $1,128,513 $3,026 $3,026
Electron Tube Manufacturing BeO traveling wave
334411 tubes 38 38 235 10 12 $45,454 $1,196 $1,196
334415 Electronic resistor manufacturing 17 17 141 3 5 $25,647 $1,509 $1,509
334419 Other electronic component manufacturing 624 624 3,801 5 9 $639,599 $1,025 $1,025
334510 Electromedical equipment manufacturing 324 324 1,964 3 3 $420,245 $1,297 $1,297
Other motor vehicle electrical and electronic
336322 equipment manufacturing 386 388 2,160 6 7 $349,811 $906 $902
Beryllium Production
331419 Primary Smelting and Refining of Nonferrous Metals 86 86 438 0 0 $399,861 $4,650 $4,650
Dental Laboratories
339116 Dental laboratories 6,379 6,383 22,509 1,595 4,166 $1,807,075 $283 $283
621210 Offices of dentists 119,544 120,811 696,415 219 911 $81,995,117 $686 $679
Fabrication
332612 Light gauge spring manufacturing 164 164 1,083 164 217 $156,603 $955 $955
332116 Metal stamping 807 808 6,032 40 61 $1,033,657 $1,281 $1,279
334417 Electronic connector manufacturing 106 106 719 11 11 $129,405 $1,221 $1,221
Other motor vehicle electrical & electronic
336322 equipment 386 388 2,160 60 60 $349,811 $906 $902
Foundries
331521 Aluminum die-casting foundries 107 107 859 0 0 $153,274 $1,432 $1,432
331522 Nonferrous (except aluminum) die-casting foundries 84 84 549 0 0 $92,703 $1,104 $1,104
331524 Aluminum foundries (except die-casting) 217 219 1,554 0 0 $204,397 $942 $933
331525 Copper foundries (except die-casting) 131 131 1,013 0 0 $139,372 $1,064 $1,064
Machining
332721 Precision turned product manufacturing 1,970 1,971 16,139 197 771 $2,219,340 $1,127 $1,126
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Table I1I-13

CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM ENTITIES WITH FEWER THAN 20 EMPLOYEES®

Total
Estab. For Affected Affected Revenues Revenues Per
. . L. . Employ-ment for L . L. . .
Entities with <20 Entities with Entities with Employees for for Entities  Entity with <20

Revenue per
Estab. For Entities

NAICS Industry Employees [a] <20 Employ Entitieswith <20, ¢ @ bloyees Entitieswith<20  with<20  Employees with <20
[a] Employees(al [b] Employees [b] Employees ($1,000) En‘:;l:\(/;es
($1,000) e (41,000
Rolling and Drawin 0 0 0 0 0 0 S0 S0 S0
331421 Copper rolling, drawing, and extruding 26 26 140 4 22 $48,421 $1,862 $1,862
331422 Copper wire (except mechanical) drawing 35 35 252 18 130 $254,426 $7,269 $7,269
0 0 0 0 0 0 0 $0 S0 S0
Smelting 0 0 0 0 0 0 $0 S0 S0
331314 Secondary smelting & alloying of aluminum 45 45 284 0 0 $306,390 $6,809 $6,809
331421 Copper rolling, drawing, and extruding 26 26 140 0 0 $48,421 $1,862 $1,862
331423 Secondary smelting, refining, & alloying of copper 11 11 58 1 2 $85,353 $7,759 $7,759
Secondary Smelting, Refining, and Alloying of
331492 Nonferrous Metal (Except Copper and Aluminum) 121 121 673 15 19 $388,603 $3,212 $3,212
0 0 0 0 0 0 0 $0 S0 S0
Resistance Weldin; 0 0 0 0 0 0 $0 S0 S0
333411 Air Purification Equipment Manufacturing 189 189 1,249 13 33 $283,628 $1,501 $1,501
Industrial and Commerecial Fan and Blower
333412 Manufacturing 60 60 428 4 10 $78,644 $1,311 $1,311
Heating Equipment (except Warm Air Furnaces)
333414 Manufacturing 283 283 1,553 20 45 $365,551 $1,292 $1,292
Air-Conditioning, Warm Air Heating, and Industrial
333415 Refrigeration Equipment Manufacturing 395 396 2,561 28 29 $806,994 $2,043 $2,038
Electric Housewares and Household Fan
335211 Manufacturing 70 70 286 4 4 $99,219 $1,417 $1,417
335212 Household Vacuum Cleaner Manufacturing 18 18 104 0 0 $21,745 $1,208 $1,208
335221 Household Cooking Appliance Manufacturing 57 57 273 2 2 366,863 $1,173 $1,173
Household Refrigerator and Home Freezer
335222 Manufacturing 6 6 37 0 0 $8,833 $1,472 $1,472
335224 Household Laundry Equipment Manufacturing 4 4 8 0 0 $1,837 $459 $459
335228 Other Major Household Appliance Manufacturing 15 15 87 0 0 $24,856 $1,657 $1,657
Carburetor, Piston, Piston Ring, and Valve
336311 Manufacturing 59 59 354 3 4 $54,436 $923 $923
336312 Gasoline Engine and Engine Parts Manufacturing 545 546 2,288 27 35 $883,783 $1,622 $1,619
336321 Vehicular Lighting Equipment Manufacturing 45 45 264 2 2 $59,894 $1,331 $1,331
Other Motor Vehicle Electrical and Electronic
336322 Equipment Manufacturing 386 388 2,160 19 27 $349,811 $906 $902
Motor Vehicle Steering and Suspension Components
336330 (except Spring) Manufacturing 116 116 725 5 5 $998,968 $8,612 $8,612
336340 Motor Vehicle Brake System Manufacturing 82 82 430 3 3 $96,867 $1,181 $1,181
Motor Vehicle Transmission and Power Train Parts
336350 Manufacturing 240 240 1,300 9 9 $304,951 $1,271 $1,271
Motor Vehicle Seating and Interior Trim
336360 Manufacturing 167 167 902 7 7 $310,566 $1,860 $1,860
336370 Motor Vehicle Metal Stamping 225 226 1,726 11 14 $478,984 $2,129 $2,119
336391 Motor Vehicle Air-Conditioning Manufacturing 34 34 241 1 1 $80,741 $2,375 $2,375
336399 All Other Motor Vehicle Parts Manufacturing 653 656 3,701 33 40 $835,261 $1,279 $1,273
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Table 11I-13
CHARACTERISTICS OF INDUSTRIES AFFECTED BY OSHA’S PROPOSED STANDARD FOR BERYLLIUM ENTITIES WITH FEWER THAN 20 EMPLOYEESE

Total
Estab. For Affected Affected Revenues Revenues Per Revenue p,et
; 3 L. A Employ-ment for L. A L ) ) Estab. For Entities
NAICS Industry Entities with <20 Entities with Entities with <20 Entities with En:\[.)loyefes for for.Entltles Entity with <20 with <20
Employees [a] <20 Employees <20 Employees  Entities with <20 with <20 Employees
Employees[a] Employees
[a] [b] Employees [b] Employees ($1,000) ($1,000)
($1,000) [c] ’
Welding

331111 Iron and Steel Mills 268 268 1,198 0 0 $1,018,914 $3,802 $3,802
331221 Rolled Steel Shape Manufacturing 50 50 268 0 0 $208,799 $4,176 $4,176
331513 Steel Foundries (except Investment) 94 94 557 0 0 $112,227 $1,194 $1,194
332117 Powder Metallurgy Part Manufacturing 55 55 544 0 0 $100,643 $1,830 $1,830
332212 Hand and Edge Tool Manufacturing 751 754 4,281 2 2 $681,375 $907 $904
332312 Fabricated Structural Metal Manufacturing 2,159 2,162 14,221 35 35  $3,182,459 $1,474 $1,472
332313 Plate Work Manufacturing 845 845 6,124 14 18  $1,007,308 $1,192 $1,192
332322 Sheet Metal Work Manufacturing 2,778 2,780 17,798 46 53  $2,631,155 $947 $946

Ornamental and Architectural Metal Work
332323 Manufacturing 1,957 1,958 9,070 32 47 $1,342,443 $686 $686
332439 Other Metal Container Manufacturing 203 203 1,069 2 2 $187,607 $924 $924
332919 Other Metal Valve and Pipe Fitting Manufacturing 115 115 757 1 1 $181,192 $1,576 $1,576

All Other Miscellaneous Fabricated Metal Product
332999 Manufacturing 2,353 2,353 13,519 24 28 $2,117,303 $900 $900
333111 Farm Machinery and Equipment Manufacturing 673 675 4,417 7 7 $785,460 $1,167 $1,164

Heating Equipment (except Warm Air Furnaces)
333414 Manufacturing 283 283 1,553 2 2 $365,551 $1,292 $1,292
333911 Pump and Pumping Equipment Manufacturing 251 251 1,706 1 1 $497,397 $1,982 $1,982
333922 Conveyor and Conveying Equipment Manufacturing 407 407 2,908 4 4 $541,532 $1,331 $1,331

Industrial Truck, Tractor, Trailer, and Stacker
333924 Machinery Manufacturing 195 195 1,183 1 1 $213,335 $1,094 $1,094

All Other Miscellaneous General Purpose Machinery
333999 Manufacturing 975 975 5,986 10 10 $1,151,152 $1,181 $1,181
336211 Motor Vehicle Body Manufacturing 400 400 2,657 4 4 $535,923 $1,340 $1,340
336214 Travel Trailer and Camper Manufacturing 410 412 2,619 5 5 $480,503 $1,172 $1,166
336399 All Other Motor Vehicle Parts Manufacturing 653 656 3,701 1 1 $835,261 $1,279 $1,273
336510 Railroad Rolling Stock 83 83 599 0 0 $189,164 $2,279 $2,279
336999 All Other Transportation Equipment Manufacturing 307 307 1,480 2 2 $253,916 $827 $827

Showcase, Partition, Shelving, and Locker
337215 Manufacturing 814 815 4,283 2 2 $582,654 $716 $715

Commercial and Industrial Machinery and Equipment
811310 Repair 18,714 18,760 72,393 122 228 $10,692,921 $571 $570

Total All Affected Industries 2,875 7,157

[a] US Census Bureau, Statistics of US Businesses, 2010.
[b] OSHA estimates of employees potentially exposed to beryllium and associated entities and establishments. Affected entities and establishments constrained to be less than or equal to the number of affected el
[c] Estimates based on 2007 receipts and payroll data from US Census Bureau, Statistics of US Businesses, 2007, and payroll data from the US Census Bureau, Statistics of US Businesses, 2010.
Receipts are not reported for 2010, but were estimated assuming the ratio of receipts to payroll remained unchanged from 2007 to 2010.
Source: US Dept. of Labor, OSHA, Directorate of Evaluation and Analysis, Office of Regulatory Analysis, based on ERG, 2012.
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Table lll-14

Distribution of Beryllium Exposures by Sector and Job Category or Activity

Beryllium Exposure Range

Sector
Sand foundries

Non Sand foundries

Fabrication/Springs

Fabrication/Stamping

Smelting - Be Alloys
Smelting - Precious metals
Machining (high)

Machining (low)
Rolling

Drawing

Job Category/Activity <0.1 pg/m3 0.1-0.2 ug/m3 0.2-0.5 ug/m3 0.5- 1.0 ug/m3 1.0-2.0 ug/m3 >2.0ug/m3  Total
Molder 0.0% 0.0% 62.5% 25.0% 0.0% 12.5%
Material Handler 0.0% 0.0% 0.0% 100.0% 0.0% 0.0%
Furnace operator 0.0% 18.2% 9.1% 18.2% 18.2% 36.4%
Pouring operator 0.0% 40.0% 0.0% 0.0% 20.0% 40.0%
Shakeout operator 0.0% 0.0% 0.0% 0.0% 100.0% 0.0%
Abrasive blaster 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%
Grinding/finishing operator 6.3% 31.3% 31.3% 6.3% 6.3% 18.8%
Maintenance 20.5% 29.5% 23.1% 14.1% 9.0% 3.8%
Molder 0.0% 0.0% 62.5% 25.0% 0.0% 12.5%
Material Handler 0.0% 0.0% 0.0% 100.0% 0.0% 0.0%
Furnace operator 0.0% 18.2% 9.1% 18.2% 18.2% 36.4%
Pouring operator 0.0% 40.0% 0.0% 0.0% 20.0% 40.0%
Abrasive blaster 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%
Grinding/finishing operator 6.3% 31.3% 31.3% 6.3% 6.3% 18.8%
Maintenance 20.5% 29.5% 23.1% 14.1% 9.0% 3.8%
Assembly operator 92.9% 7.1% 0.0% 0.0% 0.0% 0.0%
Deburring Operator 85.7% 0.0% 14.3% 0.0% 0.0% 0.0%
Chemical process operator 88.4% 7.0% 4.7% 0.0% 0.0% 0.0%
Assembly operator 92.9% 7.1% 0.0% 0.0% 0.0% 0.0%
Deburring Operator 85.7% 0.0% 14.3% 0.0% 0.0% 0.0%
Chemical process operator 88.4% 7.0% 4.7% 0.0% 0.0% 0.0%
Mechanical processing operator 25.0% 75.0% 0.0% 0.0% 0.0% 0.0%
Furnace operator 0.0% 0.0% 0.0% 0.0% 25.0% 75.0%
Mechanical processing operator 25.0% 75.0% 0.0% 0.0% 0.0% 0.0%
Furnace operator 50.0% 0.0% 50.0% 0.0% 0.0% 0.0%
Machinist (high) 13.6% 11.9% 44.1% 15.3% 6.8% 8.5%
Machinist (low) 73.8% 11.3% 7.5% 2.5% 1.3% 3.8%
Administrative 98.5% 1.5% 0.0% 0.0% 0.0% 0.0%
Other Production support 98.0% 2.0% 0.0% 0.0% 0.0% 0.0%
Wastewater treatment operator 33.3% 33.3% 33.3% 0.0% 0.0% 0.0%
Production 92.8% 4.7% 1.9% 0.6% 0.0% 0.0%
Administrative 98.5% 1.5% 0.0% 0.0% 0.0% 0.0%
Other Production support 98.0% 2.0% 0.0% 0.0% 0.0% 0.0%
Wastewater treatment operator 33.3% 33.3% 33.3% 0.0% 0.0% 0.0%
Production 70.0% 13.3% 10.5% 1.9% 1.9% 2.4%
111-58 Beryllium PEA

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%




Table 11I-14

Distribution of Beryllium Exposures by Sector and Job Category or Activity

Beryllium Exposure Range

Sector Job Category/Activity <0.1 pg/m3 0.1- 0.2 pug/m3 0.2- 0.5 pug/m3 0.5- 1.0 ug/m3 1.0- 2.0 pg/m3 >2.0pug/m3  Total
Welding (Arc, Gas, & TIG) Welder 56.8% 13.5% 16.2% 10.8% 0.0% 2.7% 100.0%
Resistance Welding Welder 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
Dental laboratories Dental technicians 30.4% 21.7% 13.0% 17.4% 4.3% 13.0% 100.0%
Be Oxide - Primary Material preparations operators 13.0% 15.6% 31.2% 19.5% 10.4% 10.4% 100.0%
Forming operators - pressing 31.0% 25.1% 28.3% 10.6% 3.7% 1.5% 100.0%
Forming operators - extruding 31.0% 25.1% 28.3% 10.6% 3.7% 1.5% 100.0%
Kiln operators 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 100.0%
Be Oxide - Secondary Machining operators 40.0% 22.6% 22.3% 10.3% 2.8% 2.1% 100.0%
Metallization Workers 55.6% 13.9% 27.8% 2.8% 0.0% 0.0% 100.0%
Production support 74.8% 13.4% 6.7% 2.5% 0.8% 1.7% 100.0%
Administrative 93.5% 4.3% 1.1% 0.5% 0.5% 0.0% 100.0%
Beryllium Production Administrative 84.9% 9.2% 4.0% 1.0% 0.6% 0.3% 100.0%
Wastewater Treatment 58.7% 17.4% 19.6% 4.3% 0.0% 0.0% 100.0%
Boiler Operators 27.8% 27.8% 44.4% 0.0% 0.0% 0.0% 100.0%
Decontamination 35.4% 25.0% 14.6% 14.6% 6.3% 4.2% 100.0%
Other Site Support 86.3% 9.8% 2.7% 0.8% 0.4% 0.0% 100.0%
Mix/Makeup 27.5% 17.6% 33.3% 9.8% 9.8% 2.0% 100.0%
Scrap Recycling 12.6% 23.4% 27.0% 12.6% 9.9% 14.4% 100.0%
Maintenance/Furnace & Tools 10.3% 8.6% 27.6% 20.7% 8.6% 24.1% 100.0%
Other Production Support 70.2% 13.9% 6.6% 3.6% 3.4% 2.3% 100.0%
Machining 55.5% 21.2% 15.5% 2.5% 3.2% 2.1% 100.0%
Other Cold Work 78.6% 12.0% 5.1% 1.7% 2.6% 0.0% 100.0%
Welding 0.0% 26.7% 40.0% 26.7% 0.0% 6.7% 100.0%
Other Hot Work 72.7% 18.4% 8.2% 0.7% 0.0% 0.0% 100.0%
Impact Grinding 19.2% 3.8% 23.1% 23.1% 26.9% 3.8% 100.0%
Compact loading/Sintering 15.8% 31.6% 26.3% 0.0% 15.8% 10.5% 100.0%
NNS Operator 0.0% 22.2% 40.7% 29.6% 3.7% 3.7% 100.0%
Chemical Operations 5.0% 10.0% 50.0% 20.0% 10.0% 5.0% 100.0%
Alloy Arc Furnace 0.0% 2.6% 15.8% 36.8% 18.4% 26.3% 100.0%
Alloy Induction Furnace 5.2% 13.4% 32.0% 26.8% 13.4% 9.3% 100.0%
Vacuum Cast 0.0% 33.3% 22.2% 11.1% 22.2% 11.1% 100.0%
Atomization 0.0% 0.0% 0.0% 30.8% 0.0% 69.2% 100.0%
Beryllium Oxide Furnace 20.0% 20.0% 20.0% 6.7% 20.0% 13.3% 100.0%
Source: OSHA Office of Regulatory Analysis-Health
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Table IlI-15

of Workers Expo:

d to Beryllium (by Affected Industry and Exposure Level (ug/m3)

Numbers Exposed to Beryllium

NAICs Industry No. of _ No.of >0 >=0.1 pg/m3  >=02 pg/m3  >=05 pg/m3 >=1.0 pg/m3  >=2.0 pg/m3

327113 Porcelain Electrical Supply Manufacturing 106 4,310 259 124 86 25 9 3

331111 Iron and Steel Mills 587 94,089 27 11 8 4 1 1

331221 Rolled Steel Shape Manufacturing 161 9,971 6 2 2 1 0 0

331314 Secondary Smelting and Alloying of Aluminum 122 4,846 9 8 6 6 6 5
Primary Smelting and Refining of Nonferrous Metal

331419 (except Copper and Aluminum) 161 8,943 616 250 166 91 53 28

331421 Copper Rolling, Drawing, and Extruding 96 9,849 1,548 97 35 12 6 5

331422 Copper Wire (except Mechanical) Drawing 114 9,847 5,096 995 531 190 132 73
Secondary Smelting, Refining, and Alloying of

331423 Copper 24 789 27 25 18 18 18 14
Secondary Smelting, Refining, and Alloying of

331492 Nonferrous Metal (except Copper and Aluminum) 248 9,696 270 158 90 0 0 0

331513 Steel Foundries (except Investment) 220 13,874 5 2 2 1 0 0

331521 Aluminum Die-Casting Foundries 254 18,017 98 94 72 40 21 15
Nonferrous (except Aluminum) Die-Casting

331522 Foundries 140 6,362 534 512 393 219 115 83

331524 Aluminum Foundries (except Die-Casting) 394 15,178 98 94 72 40 21 15

331525 Copper Foundries (except Die-Casting) 208 5,123 674 647 507 300 177 99

332116 Metal Stamping 1,484 48,855 496 58 45 0 0 0

332117 Powder Metallurgy Part Manufacturing 133 6,707 4 2 1 0 0 0

332212 Hand and Edge Tool Manufacturing 1,066 25,098 12 5 3 2 0 0

332312 Fabricated Structural Metal Manufacturing 3,407 89,728 224 97 67 30 6 6

332313 Plate Work Manufacturing 1,288 28,400 85 37 25 11 2 2

332322 Sheet Metal Work Manufacturing 4,173 91,364 274 119 81 37 7 7
Ornamental and Architectural Metal Work

332323 Manufacturing 2,354 30,029 155 67 46 21 4 4

332439 Other Metal Container Manufacturing 370 12,553 27 12 8 4 1 1

332612 Spring (Light Gauge) Manufacturing 323 10,329 2,071 185 74 0 0 0

332721 Precision Turned Product Manufacturing 3,124 78,749 3,764 1,122 697 333 211 152

332919 Other Metal Valve and Pipe Fitting Manufacturing 265 14,688 11 5 3 1 0 0
All Other Miscellaneous Fabricated Metal Product

332999 Manufacturing 3,262 65,821 134 58 40 18 4 4

333111 Farm Machinery and Equipment Manufacturing 1,041 53,133 80 34 24 11 2 2

333411 Air Purification Equipment Manufacturing 358 14,521 379 0 0 0 0 0
Industrial and Commercial Fan and Blower

333412 Manufacturing 151 6,908 160 0 0 0 0 0
Heating Equipment (except Warm Air Furnaces)

333414 Manufacturing 460 16,768 511 10 7 3 1 1
Air-Conditioning, Warm Air Heating, and Industrial

333415 Refrigeration Equipment Manufacturing 843 79,651 893 0 0 0 0 0

333911 Pump and Pumping Equipment Manufacturing 571 31,272 27 11 8 4 1 1

333922 Conveyor and Conveying Equipment Manufacturing 776 26,970 36 16 11 5 1 1
Industrial Truck, Tractor, Trailer, and Stacker

333924 Machinery Manufacturing 374 19,974 17 8 5 2 0 0
All Other Miscellaneous General Purpose Machinery

333999 Manufacturing 1,524 43,401 71 31 21 10 2 2

111-60

Beryllium PEA



Table IlI-15

of Workers Expo:

d to Beryllium (by Affected Industry and Exposure Level (ug/m3)

Numbers Exposed to Beryllium

NAICs Industry No. of _ No.of >0 >=0.1 pg/m3  >=02 pg/m3  >=05 pg/m3 >=1.0 pg/m3  >=2.0 pg/m3
Radio and Television Broadcasting and Wireless

334220 Communications Equipment Manufacturing 810 79,732 119 37 22 8 3 1

334310 Audio and Video Equipment Manufacturing 464 8,858 59 19 11 4 1 1

334411 Electron Tube Manufacturing 79 4,884 250 78 45 17 6 3

334415 Electronic Resistor Manufacturing 61 3,722 143 45 26 10 3 1

334417 Electronic Connector Manufacturing 231 19,538 310 36 28 0 0 0

334419 Other Electronic Component Manufacturing 1,133 46,836 107 33 19 7 3 1
Electromedical and Electrotherapeutic Apparatus

334510 Manufacturing 629 66,107 107 33 19 7 3 1
Electric Housewares and Household Fan

335211 Manufacturing 106 5,980 80 0 0 0 0 0

335212 Household Vacuum Cleaner Manufacturing 34 2,577 26 0 0 0 0 0

335221 Household Cooking Appliance Manufacturing 96 9,730 73 0 0 0 0 0
Household Refrigerator and Home Freezer

335222 Manufacturing 22 9,731 17 0 0 0 0 0

335224 Household Laundry Equipment Manufacturing 11 8,051 8 0 0 0 0 0

335228 Other Major Household Appliance Manufacturing 38 9,023 29 0 0 0 0 0

336211 Motor Vehicle Body Manufacturing 742 38,587 60 26 18 8 2 2

336214 Travel Trailer and Camper Manufacturing 683 30,803 55 24 16 7 1 1
Carburetor, Piston, Piston Ring, and Valve

336311 Manufacturing 109 7,370 82 0 0 0 0 0

336312 Gasoline Engine and Engine Parts Manufacturing 742 36,896 561 0 0 0 0 0

336321 Vehicular Lighting Equipment Manufacturing 93 9,218 70 0 0 0 0 0
Other Motor Vehicle Electrical and Electronic

336322 Equipment Manufacturing 636 38,475 1,666 163 119 8 3 1
Motor Vehicle Steering and Suspension Components

336330 (except Spring) Manufacturing 246 26,118 186 0 0 0 0 0

336340 Motor Vehicle Brake System Manufacturing 199 20,245 150 0 0 0 0 0
Motor Vehicle Transmission and Power Train Parts

336350 Manufacturing 476 51,171 360 0 0 0 0 0
Motor Vehicle Seating and Interior Trim

336360 Manufacturing 403 39,805 305 0 0 0 0 0

336370 Motor Vehicle Metal Stamping 736 66,985 557 0 0 0 0 0

336391 Motor Vehicle Air-Conditioning Manufacturing 80 11,207 61 0 0 0 0 0

336399 All Other Motor Vehicle Parts Manufacturing 1,350 95,426 1,051 13 9 4 1 1

336510 Railroad Rolling Stock Manufacturing 226 24,491 11 5 3 1 0 0

336999 All Other Transportation Equipment Manufacturing 374 10,846 14 6 4 2 0 0
Showcase, Partition, Shelving, and Locker

337215 Manufacturing 1,194 33,195 13 6 4 2 0 0

339116 Dental Laboratories 6,995 44,030 8,148 5,668 3,897 2,834 1,417 1,063

621210 Offices of Dentists 129,830 846,092 1,107 770 529 385 192 144
Commercial and Industrial Machinery and Equipment
(except Automotive and Electronic) Repair and

811310 Maintenance 21,960 181,220 571 247 170 77 15 15
Totals 200,970 2,892,762 35,051 12,105 8,095 4,823 2,454 1,761

Source: County Business Patterns, 2010; OSHA Office of Regulatory Analysis-Health
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Executive Summary

CHAPTER 1V: TECHNOLOGICAL FEASIBILITY ANALYSIS

EXECUTIVE SUMMARY

This section summarizes the technological feasibility analysis presented in Chapter IV of the
PEA (OSHA, 2014). The technological feasibility analysis includes information on current
exposures, descriptions of engineering controls and other measures to reduce exposures, and a
preliminary assessment of the technological feasibility of compliance with the proposed
standard, including a reduction in OSHA’s permissible exposure limits (PELSs) in nine affected
application groups. The current PELs for beryllium are 2.0 pg/m® as an 8-hour time weighted
average (TWA), and 5.0 ug/m° as an acceptable ceiling concentration. OSHA is proposing a
PEL of 0.2 pg/m® as an 8-hour TWA and is additionally considering alternative TWA PELSs of
0.1 and 0.5 pg/m>. OSHA is also proposing a 15-minute short-term exposure limit (STEL) of 2.0
ng/m®, and is considering alternative STELs of 0.5, 1.0 and 2.5 pg/m®,

The technological feasibility analysis includes nine application groups that correspond to specific
industries or production processes that OSHA has preliminarily determined fall within the scope
of the proposed standard. Within each of these application groups, exposure profiles have been
developed that characterize the distribution of the available exposure measurements by job title
or group of jobs. Descriptions of existing engineering controls for operations that create sources
of beryllium exposure, and of additional engineering and work practice controls that can be used
to reduce exposure are also provided. For each application group, a preliminary determination is
made regarding the feasibility of achieving the proposed permissible exposure limits. For
application groups in which the median exposures for some jobs exceed the proposed TWA PEL,
a more detailed analysis is presented by job or group of jobs within the application group. The
analysis is based on the best information currently available to the Agency, including a
comprehensive review of the industrial hygiene literature, National Institute for Occupational
Safety and Health (NIOSH) Health Hazard Evaluations and case studies of beryllium exposure,
site visits conducted by an OSHA contractor (Eastern Research Group (ERG)), submissions to
OSHA'’s rulemaking docket, and inspection data from OSHA’s Integrated Management
Information System (IMIS). OSHA also obtained information on production processes, worker
exposures, and producer in the United States, Materion Corporation, and from interviews with
industry experts.

The nine application groups included in this analysis were identified based on information
obtained during preliminary rulemaking activities that included a SBRFA panel, a
comprehensive review of the published literature, stakeholder input, and an analysis of IMIS data
collected during OSHA workplace inspections where detectable airborne beryllium was found.
The nine application groups and their corresponding section numbers in Chapter IV of the PEA
are:

Section 3—Beryllium Production,
Section 4—Beryllium Oxide Ceramics and Composites,

Section 5—Nonferrous Foundries,
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Section 6—Secondary Smelting, Refining, and Alloying,
Section 7—~Precision Turned Products,

Section 8—Copper Rolling, Drawing, and Extruding,
Section 9—Fabrication of Beryllium Alloy Products,
Section 10—Welding, and

Section 11—Dental Laboratories.

OSHA developed exposure profiles by job or group of jobs using exposure data at the
application, operation or task level to the extent that such data were available. In those instances
where there were insufficient exposure data to create a profile, OSHA used analogous operations
to characterize the operations. The exposure profiles represent baseline conditions with existing
controls for each operation with potential exposure. For job groups where exposures were above
the proposed TWA PEL of 0.2 pg/m*, OSHA identified additional controls that could be
implemented to reduce employee exposures to beryllium. These included engineering controls,
such as process containment, local exhaust ventilation and wet methods for dust suppression, and
work practices, such as improved housekeeping and the prohibition of compressed air for
cleaning beryllium-contaminated surfaces.

For the purposes of this technological feasibility assessment, these nine application groups can
be divided into three general categories based on current exposure levels:

application 3groups in which current exposures for most jobs are already below the proposed PEL
of 0.2 pg/m?;

application groups in which exposures for most jobs are below the current PEL, but exceed the
proposed PEL of 0.2 pg/m®, and therefore additional controls would be required; and

application groups in which exposures in one or more jobs routinely exceed the current PEL, and
therefore substantial reductions in exposure would be required to achieve the proposed PEL.

The majority of exposure measurements taken in the application groups in the first category are
already at or below the proposed PEL of 0.2 pg/m?, and most of the jobs with exposure to
beryllium in these four application groups have median exposures below the alternative PEL of
0.1 pg/m® (See Table IV-1 located at the end of this summary). These four application groups
include rolling, drawing, and extruding; fabrication of beryllium alloy products; welding; and
dental laboratories.

The two application groups in the second category include: precision turned products and
secondary smelting. For these two groups, the median exposures in most jobs are below the
current PEL, but the median exposure levels for some job groups currently exceed the proposed
PEL. Additional exposure controls and work practices could be implemented that the Agency
has preliminarily concluded would reduce exposures to or below the proposed PEL for most jobs
most of the time. One exception is furnace operations in secondary smelting, in which the
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median exposure exceeds the current PEL. Furnace operations involve high temperatures that
produce significant amounts of fumes and particulate that can be difficult to contain. Therefore,
the proposed PEL may not be feasible for most furnace operations involved with secondary
smelting, and in some cases, respiratory protection would be required to adequately protect
furnace workers when exposures exceed 0.2 pg/m?® despite the implementation of all feasible
controls.

Exposures in the third category of application groups routinely exceed the current PEL for
several jobs. The three application groups in this category include: beryllium production,
beryllium oxide ceramics production, and aluminum and copper foundries. The individual job
groups for which exposures exceed the current PEL are discussed in the application group
specific sections later in this summary, and described in greater detail in the PEA. For the jobs
that routinely exceed the current PEL, OSHA identified additional exposure controls and work
practices that the Agency preliminarily concludes would reduce exposures to or below the
proposed PEL most of the time, with three exceptions: furnace operations in primary beryllium
production and aluminum and copper foundries, and shakeout operations at aluminum and
copper foundries. For these jobs, OSHA recognizes that even after installation of feasible
controls, respiratory protection may be needed to adequately protect workers.

In conclusion, the preliminary technological feasibility analysis shows that for the majority of the
job groups evaluated, exposures are either already at or below the proposed PEL, or can be
adequately controlled with additional engineering and work practice controls. Therefore, OSHA
preliminarily concludes that the proposed PEL of 0.2 pg/m? is feasible for most operations most
of the time. The preliminary feasibility determination for the proposed PEL is also supported by
Materion Corporation, the sole primary beryllium production company in the U.S., and by the
United Steelworkers, who jointly submitted a draft proposed standard that specified an exposure
limit of 0.2 pg/m® to OSHA (Materion and Steelworkers, 2012). The technological feasibility
analysis conducted for each application group is briefly summarized below, and a more detailed
discussion is presented in Sections 3—Beryllium Production through 11—Dental Laboratories of
Chapter IV of the PEA (OSHA, 2014).

Based on the currently available evidence, it is more difficult to determine whether an alternative
PEL of 0.1 pg/m® would also be feasible in most operations. For some application groups, such
as fabrication of beryllium alloy products, a PEL of 0.1 ug/m® would almost certainly be
feasible. In other application groups, such as precision turned products, a PEL of 0.1 ng/ m?
appears feasible, except for establishments working with high beryllium content alloys. For
application groups with the highest exposure, the exposure monitoring data necessary to more
fully evaluate the effectiveness of exposure controls adopted after 2000 are not currently
available to OSHA, which makes it difficult to determine the feasibility of achieving exposure
levels at or below 0.1 pg/m?®,

OSHA also evaluated the feasibility of a STEL of 2.0 pg/m°, and alternative STELs of 0.5 and
1.0 pg/m*. An analysis of the available short-term exposure measurements presented in Chapter
IV, Section 12—Short-Term Exposures of the PEA, indicates that elevated exposures can occur
during short-term tasks such as those associated with the operation and maintenance of furnaces
at primary beryllium production facilities, at aluminum and copper foundries, and at secondary
smelting operations. Peak exposure can also occur during the transfer and handling of beryllium
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oxide powders. (OSHA, 2009; NEHC, 2003) OSHA believes that in many cases, reducing short-
term exposures will be necessary to reduce workers” TWA exposures to or below the proposed
PEL. The majority of the available short-term measurements are below 2.0 pg/m?, therefore
OSHA preliminarily concludes that the proposed STEL of 2.0 ug/m® can be achieved for most
operations most of the time. OSHA recognizes that for a small number of tasks, short-term
exposures may exceed the proposed STEL, even after feasible control measures to reduce TWA
exposure to below the proposed PEL have been implemented, and therefore assumes that the use
of respiratory protection will continue to be required for some short-term tasks. It is more
difficult based on the currently available evidence to determine whether the alternative STEL of
1.0 pg/m* would also be feasible in most operations based on lack of detail in the activities of the
workers presented in the data. OSHA expects additional use of respiratory protection would be
required for tasks in which peak exposures can be reduced to less than 2.0 ug/m?, but not less
than 1.0 ug/m®. Due to limitations in the available sampling data and the higher detection limits
for short term measurements, OSHA could not determine the percentage of the STEL
measurements that are less than or equal to 0.5 pg/m®. A detailed discussion of the STELs being
considered by OSHA is presented in Section 12—Short-Term Exposures of Chapter IV of the
PEA (OSHA, 2014).

OSHA requests available exposure monitoring data and comments regarding the effectiveness of
currently implemented control measures and the feasibility of the PELs under consideration,
particularly the proposed TWA PEL of 0.2 pg/ m?, the alternative TWA PEL of 0.1 ng/ m?, the
proposed STEL of 2.0 ug/m?, and the alternative STEL of 1.0 ug/m? to inform the Agency’s
final feasibility determinations.

APPLICATION GROUP SUMMARIES

This section summarizes the technological feasibility analysis for each of the nine application
groups affected by the proposed standard. Chapter IV of the PEA, Technological Feasibility
Analysis, identifies specific jobs or job groups with potential exposure to beryllium, and presents
exposure profiles for each of these job groups (OSHA, 2014). Control measures and work
practices that OSHA believes can reduce exposures are described along with preliminary
conclusions regarding the feasibility of the proposed PEL. Table IV-1, located at the end of this
summary, presents summary statistics for the personal breathing zone samples taken to measure
full-shift exposures to beryllium in each application group. For the five application groups in
which the median exposure level for at least one job group exceeds the proposed PEL, the
sampling results are presented by job group. Table IV-1 displays the number of measurements;
the range, the mean and the median of the measurement results; and the percentage of
measurements less than 0.1 ug/m?, less than or equal to the proposed PEL of 0.2 pg/m?, and less
than or equal to the current PEL of 2.0 pg/m®. A more detailed discussion of exposure levels by
job or job group for each application group is provided in Chapter 1V of the PEA, Sections 3—
Beryllium Production through 11—Dental Laboratories, along with a description of the available
exposure measurement data, existing controls, and additional controls that would be required to
achieve the proposed PEL.

Beryllium Production
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Only one primary beryllium production facility is currently in operation in the United States, a
plant owned and operated by Materion Corporation,* located in Elmore, Ohio. OSHA identified
eight job groups at this facility in which workers are exposed to beryllium. These include:
chemical operations, powdering operations, production support, cold work, hot work, site
support, furnace operations, and administrative work.

The Agency developed an exposure profile for each of these eight job groups to analyze the
distribution of exposure levels associated with primary beryllium production. The job exposure
profiles are based primarily on full-shift personal breathing zone (PBZ) (lapel-type) sample
results from air monitoring conducted by Brush Wellman's primary production facility in 1999
(Brush Wellman Elmore, 2004). Starting in 2000, the company developed the Materion Worker
Protection Program (MWPP), a multi-faceted beryllium exposure control program designed to
reduce airborne exposures for the vast majority of workers to less than an internally established
exposure limit of 0.2 ug/m>. According to information provided by Materion, a combination of
engineering controls, work practices, and housekeeping were used together to reduce average
exposure levels to below 0.2 pg/m?® for the majority of workers (Materion Information Meeting,
2012). Also, two operations with historically high exposures, the wet plant and pebble plants,
were decommissioned in 2000, thereby reducing average exposure levels. Therefore, the
samples taken prior to 2000 may overestimate current exposures.

Additional exposure samples were taken by NIOSH at the EImore facility from 2007 through
2008 (NIOSH Elmore database, 2011). This dataset, which was made available to OSHA by
Materion, contains fewer samples than the 1999 survey. OSHA did not incorporate these samples
into the exposure profile due to the limited documentation associated with the sampling data.
The lack of detailed information for individual samples has made it difficult for OSHA to
correlate job classifications and identify the working conditions associated with the samples.
Also, OSHA does not know if a sampling strategy was used by NIOSH and Materion to identify
the most problematic exposure areas, or if some other sampling strategy was employed. Ina
meeting in May 2012 held between OSHA and Materion Corporation at the Elmore facility, the
Agency was able to obtain some general information on the exposure control modifications that
Materion Corporation made between 1999 and 2007, but has been unable to determine what
specific controls were in place at the time NIOSH conducted sampling (Materion Information
Meeting, 2012).

In five of the primary production job groups (i.e., hot work, cold work, production support, site
support, and administrative work), the baseline exposure profile indicates that exposures are
already lower than the proposed PEL of 0.2 pg/m3. Median exposure values for these job groups
range from nondetectable to 0.08 pg/m®.

For three of the job groups involved with primary beryllium production, (i.e., chemical
operations, powdering, and furnace operations), the median exposure level exceeds the proposed
PEL of 0.2 pg/m®. Median exposure values for these job groups are 0.47, 0.37, and 0.68 pg/m®
respectively, and only 17% to 29% of the available measurements are less than or equal to 0.2

% Materion Corporation was previously named Brush Wellman. In 2011, subsequent to the collection of the
information presented in this chapter, the name changed. “Brush Wellman” is used whenever the data being
discussed pre-dated the name change.
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ng/m® (Brush Wellman Elmore, 2004). Therefore, additional control measures for these job
groups would be required to achieve compliance with the proposed PEL. OSHA has identified
several engineering controls that the Agency preliminarily concludes can reduce exposures in
chemical processes and powdering operations to less than or equal to 0.2 pg/m®. In chemical
processes, these include fail-safe drum-handling systems, full enclosure of drum-handling
systems, ventilated enclosures around existing drum positions, automated systems to prevent
drum overflow, and automated systems for container cleaning and disposal such as those
designed for hazardous powders in the pharmaceutical industry. Similar engineering controls
would reduce exposures in powdering operations. In addition, installing remote viewing
equipment (or other equally effective engineering controls) to eliminate the need for workers to
enter the die-loading hood during die filling will reduce exposures associated with this
powdering task and reduce powder spills. Based on the availability of control methods to reduce
exposures for each of the major sources of exposure in chemical operations, OSHA preliminarily
concludes that exposures at or below the proposed 0.2 ug/m® PEL can be achieved in most
chemical and powdering operations most of the time. OSHA believes furnace operators’
exposures can be reduced using appropriate ventilation, including fume capture hoods, and other
controls to reduce overall beryllium levels in foundries, but is not certain whether the exposures
of furnace operators can be reduced to the proposed PEL with currently available technology.
OSHA requests additional information on current exposure levels and the effectiveness of
potential control measures for primary beryllium production operations to further refine this
analysis.

Beryllium Oxide Ceramics Production

OSHA identified seven job groups involved with beryllium oxide ceramics production. These
include: material preparation operator, forming operator, machining operator, kiln operator,
production support, metallization, and administrative work. Four of these jobs (material
preparation, forming operator, machining operator and kiln operator) work directly with
beryllium oxides, and therefore these jobs have a high potential for exposure. The other three
job groups (production support work, metallization, and administrative work) have primarily
indirect exposure that occurs only when workers in these jobs groups enter production areas and
are exposed to the same sources to which the material preparation, forming, machining and kiln
operators are directly exposed. However, some production support and metallization activities
do require workers to handle beryllium directly, and workers performing these tasks may at
times be directly exposed to beryllium.

The Agency developed exposure profiles for these jobs based on air sampling data from four
sources: 1) samples taken between 1994 and 2003 at a large beryllium oxide ceramics facility
(OSHA-H005C-2006-0870-0094), 2) air sampling data obtained during a site visit to a primary
beryllium oxide ceramics producer (ERG Beryllium Site 3, 2003), 3) a published report that
provides information on beryllium oxide ceramics product manufacturing for a slightly earlier
time period (Kreiss et al., 1996), and 4) exposure data from OSHA’s Integrated Management
Information System (OSHA, 2009). The exposure profile indicates that the three job groups with
mostly indirect exposure (production support work, metallization, and administrative work)
already achieve the proposed PEL of 0.2 ug/m®. Median exposure sample values for these job
groups did not exceed 0.06 pg/m°.
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The four job groups with direct exposure had higher exposures. In forming operations and
machining operations, the median exposure levels of 0.18 and 0.15 pug/m?®, respectively, are
below the proposed PEL, while the median exposure levels for material preparation and kiln
operations of 0.41 ug/m*and 0.25 ug/m°, respectively, exceed the proposed PEL.

The profile for the directly exposed jobs may overestimate exposures due to the preponderance
of data from the mid-1990s, a time period prior to the implementation of a variety of exposure
control measures introduced after 2000. In forming operations, 44% of sample values in the
exposure profile exceeded 0.2 ug/m®. However, the median exposure levels for some tasks, such
as small-press and large-press operation, based on sampling conducted in 2003 were below 0.1
ng/m?. The exposure profile for kiln operation was based on three samples taken from a single
facility in 1995, and are all above 0.2 pg/m®. Since then, exposures at the facility have declined
due to changes in operations that reduced the amount of time Kkiln operators spend in the
immediate vicinity of the kilns, as well as the discontinuation of a nearby high-exposure process.
More recent information communicated to OSHA suggests that current exposures for kiln
operators at the facility are currently below 0.1 pg/m°®. Exposures in machining operations, most
of which were already below 0.2 pg/m?® during the 1990s, may have been further reduced since
then through improved work practices and exposure controls (PEA Chapter IV, Section 7—
Precision Turned Products). For forming, kiln, and machining operations, OSHA preliminarily
concludes that the installation of additional controls such as machine interlocks (for forming) and
improved enclosures and ventilation will reduce exposures to or below the proposed PEL most of
the time. OSHA requests information on recent exposure levels and controls in beryllium oxide
forming and kiln operations to help the Agency evaluate the effectiveness of available exposure
controls for this application group.

In the exposure profile for material preparation, 73% of sample values exceeded 0.2 pg/m®. As
with other parts of the exposure profile, exposure values from the mid-1990s may overestimate
airborne beryllium levels for current operations. During most material preparation tasks, such as
material loading, transfer, and spray drying, OSHA preliminarily concludes that exposures can
be reduced to or below 0.2 pg/m® with process enclosures, ventilation hoods, and improved
housekeeping procedures. However, OSHA acknowledges that peak exposures from some short-
term tasks such as servicing of the spray chamber might continue to drive the TWA exposures
above 0.2 ug/m?® on days when these material preparation tasks are performed. Respirators may
be needed to protect workers from exposures above the proposed TWA PEL during these tasks.*’
OSHA notes that material preparation for production of beryllium oxide ceramics currently takes
place at only two facilities in the United States.

Nonferrous Foundries

OSHA identified eight job groups in aluminum and copper foundries with beryllium exposure:
molding, material handling, furnace operation, pouring, shakeout operation, abrasive blasting,
grinding/finishing, and maintenance. The Agency developed exposure profiles based on an air
monitoring survey conducted by NIOSH in 2007, a Health Hazard Evaluation (HHE) conducted
by NIOSH in 1975, a site visit by ERG in 2003, a site visit report from 1999 by the California

%7 One facility visited by ERG has reportedly modified this process to reduce worker exposures, but OSHA has no
data to quantify the reduction.
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Cast Metals Association (CCMA), and two sets of data from air monitoring surveys obtained
from Materion in 2004 and 2010 (NIOSH EPHB 326-11a; NIOSH EPHB 326-16a ; NIOSH
HHE 75-087-280; ERG Beryllium Site 7, 2003; CCMA, 2000; MC Pkg I-D, 2010).

The exposure profile indicates that in foundries processing beryllium alloys, six of the eight job
groups have median exposures that exceed the proposed PEL of 0.2 ug/m* with baseline working
conditions. One exception is grinding/finishing operations, where the median value is 0.12
ng/m®and 73% of exposure samples are below 0.2 pg/m>. The other exception is abrasive
blasting. The samples for abrasive blasting used in the exposure profile were obtained during
blasting operations using enclosed cabinets, and all 5 samples were below 0.2 pg/m*. Exposures
for other job groups ranged from just below to well above the proposed PEL, including molder
(all samples above 0.2 pg/m®), material handler (1 sample total , above 0.2 pg/m®), furnace
operator (81.8% of samples above 0.2 ug/m°), pouring operator (60% of samples above 0.2
ng/m®), shakeout operator (1 sample total, above 0.2 pg/m®), and maintenance worker (50% of
samples above 0.2 pg/m?).

In some of the foundries at which the air samples included in the exposure profile were collected,
there are indications that the ventilation systems were not properly used or maintained, and dry
sweeping or brushing and the use of compressed air systems for cleaning may have contributed
to high dust levels. OSHA believes that exposures in foundries can be substantially reduced by
improving and properly using and maintaining the ventilation systems; switching from dry
brushing, sweeping and compressed air to wet methods and use of HEPA-filtered vacuums for
cleaning molds and work areas; enclosing processes; automation of high-exposure tasks; and
modification of processes (e.g., switching from sand-based to alternative casting methods).
OSHA preliminarily concludes that these additional engineering controls and modified work
practices can be implemented to achieve the proposed PEL most of the time for molding,
material handling, maintenance, abrasive blasting, grinding/finishing, and pouring operations at
foundries that produce aluminum and copper beryllium alloys.

The Agency is less confident that exposure can be reliably reduced to the proposed PEL for
furnace and shakeout operators. Beryllium concentrations in the proximity of the furnaces are
typically higher than in other areas due to the fumes generated and the difficulty of controlling
emissions during furnace operations. The exposure profile for furnace operations shows a
median beryllium exposure level of 1.14 pg/m®. OSHA believes that furnace operators’
exposures can be reduced using local exhaust ventilation and other controls to reduce overall
beryllium levels in foundries, but it is not clear that they can be reduced to the proposed PEL
with currently available technology. In foundries that use sand molds, the shakeout operation
typically involves removing the freshly cast parts from the sand mold using a vibrating grate that
shakes the sand from castings. The shakeout equipment generates substantial amounts of
airborne dust that can be difficult to contain, and therefore shakeout operators are typically
exposed to high dust levels. During casting of beryllium alloys, the dust may contain beryllium
and beryllium oxide residues dislodged from the casting during the shakeout process. The
exposure profile for the shakeout operations contains only one result of 1.3 pg/m3. This suggests
that a substantial reduction would be necessary to achieve compliance with a proposed PEL of
0.2 pg/m®. OSHA requests additional information on recent employee exposure levels and the
effectiveness of dust controls for shakeout operations for copper and aluminum alloy foundries.
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Secondary Smelting, Refining, and Alloying

OSHA identified two job groups in this application group with exposure to beryllium:
mechanical process operators and furnace operations workers. Mechanical operators handle and
treat source material, and furnace operators run heating processes for refining, melting, and
casting metal alloy. OSHA developed exposure profiles for these jobs based on exposure data
from ERG site visits to a precious/base metals recovery facility and a facility that melts and casts
beryllium-containing alloys, both conducted in 2003 (ERG Beryllium Site 2, 2003; ERG
Beryllium Site 7, 2003). The available exposure data for this application group are limited, and
therefore, the exposure profile is supplemented in part by summary data presented in secondary
sources of information on beryllium exposures in this application group.

The exposure profile for mechanical processing operators indicates low exposures (3 samples
less than 0.2 pg/m°), even though these samples were collected at a facility where the ventilation
system was allowing visible emissions to escape exhaust hoods. Summary data from studies and
reports published in 2005-2009 showed that mechanical processing operator exposures averaged
between 0.01 and 0.04 pg/m® at facilities where mixed or electronic waste including beryllium
alloy parts were refined. Based on these results, OSHA preliminarily concludes that the
proposed PEL is already achieved for most mechanical processing operations most of the time,
and exposures could be further reduced through improved ventilation system design and other
measures, such as process enclosures.

As with furnace operations examined in other application groups, the exposure profile indicates
higher worker exposures for furnace operators in the secondary smelting, refining, and alloying
application group (six samples with a median of 2.15 pg/m®, and 83.3% above 0.2 pg/m?). The
two lowest samples in this job’s exposure profile (0.03 and 0.5 ug/m>) were collected at a facility
engaged in recycling and recovery of precious metals where work with beryllium-containing
material is incidental. At this facility, the furnace is enclosed and fumes are ducted into a
filtration system. The four higher samples, ranging from 1.92 to 14.08 ug/m®, were collected at a
facility engaged primarily in beryllium alloying operations, where beryllium content is
significantly higher than in recycling and precious metal recovery activities, the furnace is not
enclosed, and workers are positioned directly in the path of the exhaust ventilation over the
furnace. OSHA believes these exposures could be reduced by enclosing the furnace and
repositioning the worker, but is not certain whether the reduction achieved would be enough to
bring exposures down to the proposed PEL. Based on the limited number of samples in the
exposure profile and surrogate data from furnace operations, the proposed PEL may not be
feasible for furnace work in beryllium recovery and alloying, and respirators may be necessary to
protect employees performing these tasks.

Precision Turned Products

OSHA'’s preliminary feasibility analysis for precision turned products focuses on machinists who
work with beryllium-containing alloys. The Agency also examined the available exposure data
for non-machinists and has preliminarily concluded that, in most cases, controlling the sources of
exposures for machinists will also reduce exposures for other job groups with indirect exposure
when working in the vicinity of machining operations.
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OSHA developed exposure profiles based on exposure data from four NIOSH surveys conducted
between 1976 and 2008; ERG site visits to precision machining facilities in 2002, 2003, and
2004; case study reports from six facilities machining copper-beryllium alloys; and exposure
data collected between 1987 and 2001 by the U.S. Navy Environmental Health Center (NEHC)
(NIOSH HHE 76-103-349, 1976; NIOSH HETA 84-510-1691, 1986; NIOSH EPHB 326-14a,
2008; NIOSH EPHB 326-16a, 2008; NEHC, 2000; NEHC, 2003; ERG Beryllium Site 1, 2002;
ERG Beryllium Site 4, 2003; ERG Beryllium Site 9, 2004; Brush Wellman Machining, 2004;
OSHA-H005C-2006-0870-0097; Materion PSCS 102, 2011; Materion PSCS 103, 2011; and
Materion PSCS 104, 2011). Analysis of the exposure data showed a substantial difference
between the median exposure level for workers machining pure beryllium and/or high-beryllium
alloys compared to workers machining low-beryllium alloys. Most establishments in the
precision turned products application group work only with low-beryllium alloys, such as
copper-beryllium. A relatively small number of establishments (estimated at 15) specialize in
precision machining of pure beryllium and/or high-beryllium alloys.

The exposure profile indicates that machinists working with low-beryllium alloys have mostly
low exposure to airborne beryllium. Approximately 85 percent of the 80 exposure results are
less than or equal to 0.2 pg/m?®, and 74 percent are less than or equal to 0.1 ug/m*. Some of the
results below 0.1 pg/m® were collected at a facility where machining operations were enclosed,
and metal cutting fluids were used to control the release of airborne contaminants. Higher results
(0.1 pg/m?® - 1.07 pg/m®) were found at a facility where cutting and grinding operations were
conducted in partially enclosed booths equipped with LEV, but some LEV was not functioning
properly. A few very high results (0.77 pg/m?® - 24 pg/m®) were collected at a facility where
exposure controls were reportedly inadequate and poor work practices were observed (e.g.,
improper use of downdraft tables, use of compressed air for cleaning). Based on these results,
OSHA preliminarily concludes that exposures below 0.2 pg/m?® can be achieved most of the time
for most machinists at facilities dealing primarily with low-beryllium alloys. OSHA recognizes
that higher exposures may sometimes occur during some tasks where exposures are difficult to
control with engineering methods, such as cleaning, and that respiratory protection may be
needed at these times.

Machinists working with high-beryllium alloys have higher exposure than those working with
low-beryllium alloys. This difference is reflected in the exposure profile for this job, where the
median of exposure is 0.31 pg/m® and 75 percent of samples exceed the proposed PEL of 0.2
ng/m?. The exposure profile was based on two machining facilities at which LEV was used and
machining operations were performed under a liquid coolant flood. Like most facilities where
pure beryllium and high-beryllium alloys are machined, these facilities also used some
combination of full or partial enclosures, as well as work practices to minimize exposure such as
prohibiting the use of compressed air and dry sweeping and implementing dust migration control
practices to prevent the spread of beryllium contamination outside production areas. At one
facility machining high-beryllium alloys, where all machining operations were fully enclosed
and ventilated, exposures were mostly below 0.1 pg/m? (median 0.035 pg/m?, range 0.02-0.11
ng/m®). Exposures were initially higher at the second facility, where some machining operations
were not enclosed, existing LEV system were in need of upgrades, and some exhaust systems
were improperly positioned. Samples collected there in 2003 and 2004 were mostly below the
proposed PEL in 2003 (median 0.1 pg/m®) but higher in 2004 (median 0.25 pg/m®), and high
exposure means in both years (1.65 and 0.68 pg/m® respectively) show the presence of high
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exposure spikes in the facility. However, the facility reported that measures to reduce exposure
brought almost all machining exposures below 0.2 pg/m? in 2006. With the use of fully enclosed
machines and LEV and work practices that minimize worker exposures, OSHA preliminarily
concludes that the proposed PEL is feasible for the vast majority of machinists working with
pure beryllium and high-beryllium alloys. OSHA recognizes that higher exposures may
sometimes occur during some tasks where exposures are difficult to control with engineering
methods, such as machine cleaning and maintenance, and that respiratory protection may be
needed at these times.

Copper Rolling, Drawing, and Extruding

OSHA'’s exposure profile for copper rolling, drawing, and extruding includes four job groups
with beryllium exposure: strip metal production, rod and wire production, production support,
and administrative work. Exposure profiles for these jobs are based on personal breathing zone
lapel sampling conducted at the Brush Wellman Reading, Pennsylvania, rolling and drawing
facility from 1977 to 2000 (Brush Wellman Reading, 2004).

Prior to 2000, the Reading facility had limited engineering controls in place. Equipment in use
included LEV in some operations, HEPA vacuums for general housekeeping, and wet methods
to control loose dust in some rod and wire production operations. The exposure profile shows

very low exposures for all four job groups. All had median exposure values below 0.1 ug/m?,

and in strip metal production, production support, and administrative work, over 90 percent of

samples \évere below 0.1 pg/m®. In rod and wire production, 70 percent of samples were below
0.1 pg/m®.

To characterize exposures in extrusion, OSHA examined the results of an industrial hygiene
survey of a copper-beryllium extruding process conducted in 2000 at another facility. The
survey reported eight PBZ samples, which were not included in the exposure profile because of
their short duration (2 hours). Samples for three of the four jobs involved with the extrusion
process (press operator, material handler, and billet assembler) were below the limit of detection
(LOD) (level not reported). The two samples for the press operator assistant, taken when the
assistant was buffing, sanding, and cleaning extrusion tools, were very high (1.6 and 1.9 pg/m®).
Investigators recommended a ventilated workstation to reduce exposure during these activities.

In summary, exposures at or below 0.2 pg/m® have already been achieved for most jobs in
rolling, drawing, and extruding operations, and OSHA preliminarily concludes that the proposed
PEL of 0.2 ug/m®is feasible for this application group. For jobs or tasks with higher exposures,
such as tool refinishing, use of exposure controls such as local exhaust ventilation can help
reduce workers’ exposures. The Agency recognizes the limitations of the available data, which
were drawn from two facilities and did not include full-shift PBZ samples for extrusion. OSHA
requests additional exposure data from other facilities in this application group, especially data
from facilities where extrusion is performed.

Fabrication of Beryllium Alloy Products

This application group includes the fabrication of beryllium alloy springs, stampings, and
connectors for use in electronics. The exposure profile is based on a study conducted at four
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precision stamping companies; a NIOSH report on a spring and stamping company; an ERG site
visit to a precision stamping, forming, and plating establishment; and exposure monitoring
results from a stamping facility presented at the American Industrial Hygiene Conference and
Exposition in 2007 (Brush Wellman Stamping, 2004; Corbett, 2007; ERG Beryllium Site 6,
2003; Miller, 2007; NIOSH EPHB 263-12a, 2004). The exposure profiles for this application
group include three jobs: chemical processing operators, deburring operators, and assembly
operators. Other jobs for which all samples results were below 0.1 pg/m? are not shown in the
profile.

For the three jobs in the profile, the majority of exposure samples were below 0.1 ug/m®
(deburring operators, 79 percent; chemical processing operators, 81 percent; assembly operators,
93 percent). Based on these results, OSHA preliminarily concludes that the proposed PEL is
feasible for this application group. The Agency notes that a few exposures above the proposed
PEL were recorded for the chemical processing operator (in plating and bright cleaning) and for
deburring (during corn cob deburring in an open tumbling mill). OSHA believes the use of LEV,
improved housekeeping, and work practice modifications would reduce the frequency of
excursions above the proposed PEL.

Welding

Most of the samples in OSHA’s exposure profile for welders in general industry were collected
between 1994 and 2001 at two of Brush Wellman’s alloy strip distribution centers, and in 1999
at Brush Wellman’s Elmore facility (Brush Wellman Stamping, 2004). At these facilities,
tungsten inert gas (TIG) welding was conducted on beryllium alloy strip. Seven samples in the
exposure profile came from a case study conducted at a precision stamping facility, where
airborne beryllium levels were very low (see previous summary, Fabrication of Beryllium Alloy
Products). At this facility, resistance welding was performed on copper-beryllium parts, and
welding processes were automated and enclosed.

Most of the sample results in the welding exposure profile were below 0.2 pg/m®. Of the 44
welding samples in the profile, 75 percent were below 0.2 ug/m®and 64 percent were below 0.1
ng/m?, with most values between 0.01 and 0.05 pg/m®. All but one of the 16 exposure samples
above 0.1 pug/m® were collected in Brush Wellman’s Elmore facility in 1999. According to
company representatives, these higher exposure levels may have been due to beryllium oxide
that can form on the surface of the material as a result of hot rolling. All seven samples from the
precision stamping facility were below the limit of detection. Based on these results, OSHA
preliminarily concludes that the proposed PEL of 0.2 pg/m? is feasible for most welding
operations in general industry.

Dental Laboratories

OSHA'’s exposure profile for dental technicians includes sampling results from a site visit
conducted by ERG in 2003 (ERG Beryllium Site 5, 2003); a study of six dental laboratories
published by Rom, et al. in (1984); a data set of exposure samples collected between 1987 and
2001, on dental technicians working for the U.S. Navy (NEHC, 2003); and a docket submission
from CMP Industries including two samples from a large commercial dental laboratory using
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nickel-beryllium alloy (OSHA-HO005C-2006-0870-0346). Information on exposure controls in
these facilities suggests that controls in some cases may have been absent or improperly used.

The exposure profile indicates that 52 percent of samples are less than or equal to 0.2 pg/m®.
However, the treatment of nondetectable samples in the feasibility analysis may overestimate
many of the sample values in the exposure profile. Twelve of the samples in the profile are
nondetectable for beryllium. In the exposure profile, these were assigned the highest possible
value, the limit of detection (LOD). For eight of the nondetectable samples, the LOD was
reported as 0.2 pg/m®. For the other four nondetectable samples, the LOD was between 0.23 and
0.71 pg/m®. If the true values for these four nondetectable samples are actually less than or equal
to the assigned value of 0.2 pg/m?®, then the true percentage of profile sample values less than or
equal to 0.2 pg/m? is between 52 and 70 percent. Of the sample results with detectable beryllium
above 0.2 ug/m?®, some were collected in 1984 at facilities studied by Rom et al., who reported
that they occurred during grinding with LEV that was improperly used or, in one case, not used
at all. Others were collected at facilities where little contextual information was available to
determine what control equipment or work practices might have reduced exposures.

Based on this information, OSHA preliminarily concludes that beryllium exposures for most
dental technicians are already below 0.2 pg/m® most of the time. OSHA furthermore believes
that exposure levels can be reduced to or below 0.1 pg/m® most of the time via material
substitution, engineering controls, and work practices. Beryllium-free alternatives for casting
dental appliances are readily available from commercial so

urces, and some alloy suppliers have stopped carrying alloys that contain beryllium. For those
dental laboratories that continue to use beryllium alloys, exposure control options include
properly designed, installed, and maintained LEV systems (equipped with HEPA filters) and
enclosures; work practices that optimize LEV system effectiveness; and housekeeping methods
that minimize beryllium contamination in the workplace. In summary, OSHA preliminarily
concludes that the proposed PEL is feasible for dental laboratories.
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Table IV-1—Beryllium Full-Shift PBZ Samples by Application / Job Group (ug/m®)

Application / Job Group | N | Range | Mean | Median | %<0.1 | %= 0.2 | %= 2.0
Beryllium Production Operations (Section 3)
Furnace Operations 172 | 0.05to 254 3.80 0.68 5% 17% 82%
Chemical Operations 20 0.05t09.6 1.02 0.47 5% 15% 95%
Powdering Operations 72 0.06to 11.5 0.82 0.37 11% 29% 94%
Production Support 861 | 0.02to 22.7 0.51 0.08 56% 71% 94%
Cold Work 555 [ 0.04 to 24.9 0.31 0.08 61% 80% 98%
Hot Work 297 | 0.01t0 2.21 0.12 0.06 69% 88% 99%
Site Support 879 | 0.05t04.22 0.11 0.05 81% 92% 99%
Administrative 981 | 0.05to 4.54 0.10 0.05 85% 94% 99%
Beryllium Oxide Ceramics (Section 4)
Material Preparation Operator 77 0.02 to 10.6 1.01 0.41 13% 27% 90%
Forming Operator 408 | 0.02t0 53.2 0.48 0.18 27% 56% 99%
Machining Operator 355 | 0.01t0 5.0 0.32 0.15 37% 63% 98%
Kiln Operator 3 0.22t0 0.36 0.28 0.25 0% 0% 100%
Production Support Worker 119 | 0.02t0 7.7 0.21 0.05 68% 88% 98%
Metallization Worker 36 0.02 to 0.62 0.15 0.06 55% 69% 100%
Administrative 185 [ 0.02t0 1.2 0.06 0.05 93% 98% 100%
Nonferrous Foundries (Section 5)
Furnace Operator 11 0.21019.76 441 1.14 0% 18% 64%
Pouring Operator 0.2t02.2 1.21 1.40 0% 40% 60%
Shakeout Operator 1.3 1.30 1.30 0% 0% 100%
Material Handler 0.93 0.93 0.93 0% 0% 100%
Molder 0.24t0 2.29 0.67 0.45 0% 0% 88%
Maintenance 78 0.05t0 22.71 | 0.87 0.21 15% 50% 96%
Abrasive Blasting Operator 5 0.05t0 0.15 0.11 0.12 40% 100% 100%
Grinding/finishing Operator 56 0.01t0 4.79 0.31 0.05 59% 73% 95%
Secondary Smelting (Section 6)
Furnace operations worker 6 0.03t0 14.1 3.85 2.15 17% 17% 50%
Mechanical processing operator 3 0.03t0 0.2 0.14 0.20 33% 100% | 100%
Precision Turned Products (Section 7)
High Be Content Alloys 80 | 0.02t07.2 0.72 0.31 14% 25% 92%
Low Be Content Alloys 59 0.005 to 24 0.45 0.01 74% 85% 96%
Rolling, Drawing, and Extruding
(Section 8) 650 | 0.006to 7.8 0.11 0.024 86% 93% 99%
Alloy Fabrication (Section 9) 71 | 0.004t00.42 | 0.056 | 0.025 83% 94% 100%
Welding: Beryllium Alloy (Section 10) 44 0.005t0 2.21 | 0.19 0.02 64% 75% 98%
Dental Laboratories (Section 11) 23 0.02t0 4.4 0.74 0.2 13% 52% 87%
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SECTION 1—INTRODUCTION

This report presents OSHA’s analysis of the technological feasibility of achieving lower levels of
beryllium exposure in general industry through the implementation of engineering,
administrative, and work practice controls. This analysis and the resultant conclusions are based
on a comprehensive review of the available industrial hygiene literature; exposure data and
information from a primary beryllium producer; National Institute for Occupational Safety and
Health (NIOSH) industry-specific case studies of the sources of beryllium exposure; findings
from Eastern Research Group (ERG) and NIOSH site visits; interviews with industry experts;
peer-reviewed journal articles; and data from OSHA’s Integrated Management Information
System (IMIS).

The following sections discuss the methodology and data sources used in this analysis and
evaluate the technological feasibility of the proposed permissible exposure limit (PEL) for each
of the affected application groups and corresponding industries:

e Section 2—Methodology

e Section 3—Beryllium Production

e Section 4—Beryllium Oxide Ceramics and Composites
e Section 5—Nonferrous Foundries

e Section 6—Secondary Smelting, Refining, and Alloying, Including Handling of Scrap
and Recycled Materials

e Section 7—Precision Turned Products

e Section 8—Copper Rolling, Drawing, and Extruding
e Section 9—Fabrication of Beryllium Alloy Products
e Section 10—Welding

e Section 11—Dental Laboratories

A final section, Section 12—Short-Term Exposures, addresses those situations within the
affected industries where short-term (15-minute) tasks can generate peak exposures.
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SECTION 2—METHODOLOGY

FORMS OF BERYLLIUM

The element beryllium occurs as a metal (beryllium) and as an oxide of the metal (beryllium
oxide). Both forms of beryllium have desirable functional characteristics, such as being heat-
conducting, electrical-insulating, nonmagnetic, and extremely strong yet lightweight. Metallic
beryllium in small amounts improves the properties of metal alloys; it is combined with copper
and aluminum to form specialty alloys of these metals. Beryllium oxide forms readily on the
untreated surfaces of pure beryllium metal and beryllium-containing alloys. Beryllium oxide is
also manufactured and shaped as a ceramic, or ceramic-metal matrix, to produce other specialty
products.

This analysis applies to the element beryllium regardless of whether it is present as pure metal, a
component of an alloy, or as beryllium oxide.

SOURCES OF BERYLLIUM IN WORKPLACE AIR SAMPLES

Airborne beryllium occurs where operations generate dusts of beryllium metal or its alloys,
either through mechanical action on the beryllium metal or alloy (e.g., grinding, cutting,
machining, polishing) or by heating beryllium above its vaporization point (e.g., in a foundry
furnace), causing beryllium fumes to be released.

Additionally, airborne beryllium also occurs where beryllium oxide is formed and released:

e While melting and pouring beryllium metal and its alloys, during which beryllium
oxides are emitted as fume and also accumulate as part of the dross (impurities) that
foundry workers skim off the molten metal (deYoung and Peace, 2009).

e During casting or heat-treating of metals containing beryllium, on which surface
oxides form (Kent, 2012).

e Where the oxide is released from surfaces during any manipulation of materials on
which the oxide has formed, adhered, collected (e.g., processing beryllium alloy strip,
cleaning molds used to cast molten beryllium alloy, servicing industrial ventilation
equipment). This can include beryllium particles contained in mist emitted from
beryllium alloy surface-treatment tanks in which beryllium has accumulated (Kent,
2012).

e During handling of the manufactured beryllium oxide ceramic powder (beryllia) or
finishing ceramic products formed from that oxide (Kolanz, 2001).

Beryllium oxide forms readily when metal is heated. Evidence suggests that in molten alloys,
beryllium is concentrated as an oxide in dross, even when the alloys contain low concentrations
of beryllium. Investigators analyzed beryllium concentrations in dross produced from aluminum
alloys of varying concentrations of beryllium (deYoung and Peace, 2009). Under both
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experimental (one site) and industrial (two sites) conditions, the investigators found that
beryllium was more concentrated in the oxide portion of the dross compared to the parent alloy.*
These findings demonstrate the importance of dross (and beryllium oxide) as a notable source of
worker beryllium exposure in operations where dross occurs (i.e., foundries, smelters).

CONTRACTOR REPORT

For this technological feasibility analysis, OSHA relied primarily on reports developed by its
contractor Eastern Research Group, Inc. (ERG). ERG initially acquired beryllium exposure data
and related information between 2001 and 2004 using literature search and retrieval processes;
records provided by OSHA; findings from site visits conducted by ERG and NIOSH; and
communications with representatives of NIOSH, identified industries, and other groups.

ERG analyzed the available data using the methods described below, building on the analysis
included in a 2005 ERG report to OSHA. A panel convened under the Small Business
Regulatory Enforcement Fairness Act (SBREFA) reviewed the report in 2007, after which it was
entered in the associated beryllium rulemaking docket.* Since then, OSHA has worked with
ERG to update the materials, and ERG presented OSHA with additional interim reports through
2011. In general, OSHA finds the logic and methodology of these studies to be sound, the data
complete to the extent available, and the analysis compelling. Unless otherwise noted, OSHA
concurs with ERG’s findings.

OSHA has based this technological feasibility analysis on the best information available from
these reports and internal supplemental information that has been created since 2011. The result
is the current draft, available as Chapter IV (Technological Feasibility) of the Preliminary
Economic Analysis (PEA). Chapter IV reflects all the current data available to OSHA.

SOURCES OF DATA

This technological feasibility analysis relies on information from a wide variety of sources
available to OSHA. This information is found in ERG’s report (ERG, 2005) or in subsequent
interim reports, as well as from recent supplemental information. The sources of information
include:

e Peer-reviewed published literature.
e Beryllium records from OSHA’s Integrated Management Information System (IMIS).

e NIOSH reports, including health hazard evaluations (HHE), control technology (CT)
assessments, in-depth surveys, recommendations for exposure control, and
engineering control feasibility studies.

% DeYoung and Peace (2009) measured beryllium concentration factors ranging from 2 to 50 in aluminum-
beryllium alloys, but they generally measured at least 5. They calculated the concentration factor as “...the ratio of
the beryllium concentration in the oxide portion of the dross to the beryllium concentration in the parent alloy....”
% ERG’s 2005 report appears in the docket as OSHA-H005C-2006-0870-0340, under the heading Technological
Feasibility Materials.
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e ERG site visits.

e Brush Wellman, Incorporated (known as Materion Corporation since 2010), the sole
primary beryllium producer in the United States.

e Unpublished information (e.g., unpublished data and research obtained through
personal communications, meetings, presentations, and submissions to OSHA’s
public docket [OSHA-HO005C-2006-0870]).

e Information available from other federal agencies, industry organizations, and other
groups.

ERG also obtained OSHA IMIS data from 1978 through mid-2008, which primarily were used to
identify industries initially considered for inclusion in this technological feasibility analysis.*

As noted above, OSHA has mainly relied on the contractor reports (ERG, 2005); however,
OSHA has considered and referenced additional material where available.

Notes on Data Sources and Characteristics

OSHA'’s Integrated Management Information System

For purposes of this analysis, the documentation for individual results in OSHA’s IMIS data
(1978 through mid-2008) is incomplete. The IMIS record reports the Standard Industrial
Classification (SIC) but not the product produced, action performed, or materials used.
Furthermore, IMIS does not include information on the sample duration; thus, it was not possible
to confirm whether samples were obtained over 60 minutes or 360 minutes or 480 minutes of the
worker’s shift (or any other time period). The IMIS record reports the worker’s job title (a free
text field subject to infinite variability, and therefore difficult to sort into job categories), but it
does not report the worker’s actual activities during the sampling period or the presence of
exposure controls.

As intended, IMIS is useful as a management tool for observing trends and identifying industries
in which exposures occur. For the detailed industry-by-industry technological feasibility
analyses, however, OSHA used more completely documented data sources. OSHA also based
application group exposure profiles on other sources, if available.

* The IMIS dataset reviewed for this study covered a 30-year and 4-month period from June 1, 1978 to September
25, 2008 (OSHA, 2009). The data were received in two lots (an initial lot ending May, 2003, and a supplemental lot
beginning June 2003). The two lots varied in that the supplemental lot, as received, included only PBZ samples
(1,1551 samples, of which 193, or 12.4 percent, were positive for beryllium). The earlier lot included all types of
beryllium observations (12,666 individual samples, of which 11,616 were personal breathing zone samples [PBZ];
334 were area samples; and the remainder were classified as screening, bulk, and wipe samples). Although actual
sample durations were not reported, samples were designated in IMIS as applicable to one of the following exposure
limits: ceiling (assessed by instantaneous monitoring or as a 15-minute TWA), short-term exposure limit (STEL,
also a 15-minute TWA), peak (30-minute TWA), or PEL (8-hour TWA). See the applicable section of this
technological feasibility analysis (Section 12—Short Term Exposures) and 29 CFR 1910.1000 for additional
information on these exposure limits. Industry analyses considered all PBZ beryllium samples, while the STEL
analysis considered only the subset of PBZ samples coded as ceiling, STEL or peak samples.
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Limits of Detection for Bervllium Data

Investigators performing data analysis usually follow the common practice of assigning a value
to samples with concentrations reported as “nondetectable”(sometimes designated as “ND”). The
assigned value is typically related to the reported limit of detection (LOD) and permits the
investigator to account for these sample results in quantitative analysis, such as when calculating
the mean and median.

The LOD indicates the smallest quantity of beryllium that can be detected. This practical
limitation of the laboratory analysis (procedures and analytical equipment) is typically a fixed
value for each analytical method. The beryllium LOD can be presented in two formats: as the
analytical method LOD, which refers to the smallest mass of beryllium (in micrograms [ug]) that
can be detected on the filter, or as the concentration LOD, which refers to a calculated value
representing the smallest airborne concentration (in pg/cubic meter [m®]) of air that can be
detected.

Results below the limit of quantitation (LOQ) are those in which beryllium was detected, but not
in sufficient quantity to offer an accurate analytical result (this range is sometimes reported
nonquantitatively as “trace”). Like the LOD, the LOQ is a function of the laboratory analytical
method. OSHA handled results reported as below the LOQ in the same manner as LOD values
(e.g., by assigning the reported value of the LOQ to results reported as the LOQ).

The beryllium analytical method LOD is presented as the number of micrograms of beryllium
that can be detected on an individual filter used to collect an air sample. For example, since
2002, OSHA'’s beryllium analytical method (OSHA ID-125G) has a reported LOD value of
0.013 pg. If particulate matter on a filter contains less than 0.013 pg of beryllium, the analytical
process will not be able to measure it. The laboratory technician cannot tell whether the filter
holds no beryllium at all or some small amount between 0 pg and the LOD of 0.013 pg. The only
certainty is that the amount of beryllium on the filter is less than the LOD. Although historically
other LODs have been published for other beryllium analytical methods, commonly cited
laboratory methods currently offer an LOD of 0.013 pg or lower for beryllium samples (Ashley,
2007).** When a laboratory finds that the mass of beryllium on a filter is not detectable, the
laboratory report will generally indicate that the mass is “less than 0.013 pg” (<0.013 pg).

When a laboratory reports that the gravimetric result*? is not detectable because there is not
enough beryllium on the sample filter, the analytical LOD is used to represent the beryllium
mass in the concentration calculation. The concentration LOD is calculated by dividing the
analytical LOD by the volume of air sampled (measured in cubic meters). For example, if the
analytical LOD is 0.013 pg and the air volume sampled is 720 liters (0.720 m?), the
concentration LOD would be calculated as 0.013 pg/0.720 m®, or about 0.018 pg/ m®.

! High beryllium LODs were primarily associated with data from older surveys, where the LODs for beryllium
were significantly higher than the reporting limits of current laboratory methods. For example, for a visit to a
smelter, NIOSH 78-17-567 (1979) reported an LOD of 1.0 pg per sample using NIOSH’s analytical method
P&CAM #121. In contrast, for a 2007 NIOSH survey at a copper-beryllium machine shop, the LOD for the PBZ
samples was approximately 0.02 pg per sample, 50 times lower than the LOD reported in 1979 (NIOSH EPHB 326-
14a, 2008).

“2 A “gravimetric” result is defined as a measurement of weight or mass (e.g., micrograms).
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Practical examples of the concentration LOD for beryllium results analyzed using a method with
an analytical LOD of 0.013 pg appear in Table IV-2.

Table IV-2—Practical Examples of Concentration LODs for Beryllium Results Obtained
Using a Method With an Analytical LOD of 0.013 pg

Sample Duration* Air Volume Sampled Calculated Concentration LOD
480 minutes (8 hours) 960 Liters (0.960 m®) 0.014 pg/m*
360 minutes (6 hours) 720 Liters (0.720 m°) 0.018 ug/m*
180 minutes (3 hours) 360 Liters (0.360 m°) 0.036 ug/m*
15 minutes (1/4 hour) 30 Liters (0.030 m®) 0.43 pg/m’®

* Also assumes that the air sample was obtained at 2.0 liters/minute, the recommended rate for OSHA’s method ID-
125G.

The resulting concentration LOD indicates the minimum concentration of airborne beryllium that
could have been detected. Because beryllium was not detected, the true airborne concentration is
less than the concentration LOD. These LODs vary depending on the volume of air sampled. For
a given air sampling rate, a shorter sampling period will always result in a smaller volume of air
sampled. Thus, all other factors being equal, a sample collected over a short period will result in
a higher LOD than a sample collected over a longer period of time. Two results obtained on the
same date at the same location, but involving different volumes of sampled air, will have
different LODs.

Several different approaches are available for assigning a value to sample results below the LOD
(e.g., assigning a value of one-half the LOD concentration, assigning the unmodified LOD
concentration value) (Hornung and Reed, 1990; NIOSH ECTB 233-101c, 1999; Succop et al.,
2004). For the purposes of this analysis, OSHA elected to use the unmodified concentration LOD
value to be as protective as possible.*® This probably resulted in a slight overestimation of
exposure levels; the true concentration is some unknown level between zero and the LOD.

The full-shift sample results that OSHA analyzed for the exposure profiles included
nondetectable results (i.e., samples with concentrations reported as nondetectable or, providing
sufficient information was available, OSHA estimated the concentration LOD). When discussing
individual airborne concentration results for worker breathing zone samples in which beryllium
was not detected, OSHA typically includes a note (e.g., “LOD”) indicating that the reported
value (e.g., 0.018 ug/ m®) is based on a calculated concentration LOD.

By using full-shift results (defined for purposes of this analysis as having a duration of 360
minutes or greater) for general industry, OSHA minimizes the number of results that are less
than the LOD. Specifically, when the sample LOD is 0.013 pg, the concentration LOD is 0.018

*% For example, consider a nondetectable beryllium sample result obtained over a 360-minute period at an air flow
rate of 2.0 liters per minute (Ipm) and analyzed using a method with a 0.013 ug LOD. The laboratory will report the
result as ND (i.e., below the LOD). OSHA would assign to that sample result the unmodified value of the
concentration LOD (in this case 0.018 pg/m®) (see Table I1V-2). In contrast, if the investigator used another common
LOD-handling method (assigning a value of one-half of the concentration LOD), that investigator would assign a
value of 0.009 pg/m®to this particular sample result. Both LOD values are well below 0.2 ug/m®, so in these
examples the value assigned to the 360-minute sample would not affect the distribution of the results in the exposure
profile and would be unlikely to affect the median value.
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png/m® or less for sample results included in the exposure profiles that were collected using the
sampling pump air flow rate of 2.0 Ipm. Even when samples are obtained at a lower sampling
rate (e.g., 1.0 Ipm), the LOD will be somewhat higher (0.036 pg/ m®) but still below 0.1 pg/ m*
(and therefore in the lowest range of the exposure profile).

Two data sources, Brush Wellman and the U.S. Navy, adjusted all their nondetectable results
using other approaches currently practiced for dealing with such values (Hornung and Reed,
1990). For sample results below the LOD, Brush Wellman uses a sample mass one-half the LOD
to calculate the nondetectable sample concentration. The U.S. Navy adjusts results that are below
the analytical LOD by dividing by the square root of 2 prior to calculating the 8-hour time-
weighted average (TWA) ( OSHA-H005C-2006-0870-0145). NIOSH tested a variety of methods
for handling the LOD during different studies. For some exposure assessments, NIOSH
investigators adjusted results below the LOD in the same manner as the Navy and used the LOD
divided by the square root of 2 (LOD/N2) to calculate the LOD concentration (e.g., see NIOSH
EPHB 263-13a). In other cases, NIOSH investigators treated nondetectable values using the
LOD/2 approximation method, as noted for Brush Wellman (e.g., see NIOSH HETA 83-162-
1746). In many cases, the nondetectable sample results, once adjusted, no longer carry the “less
than” qualifier in the source document. The Navy and NIOSH data do indicate which sample
results are below the analytical LOD; however, this information was not available for the PBZ
sampling results for Brush Wellman’s operations.

Whenever nondetectable results were adjusted by the data source (e.g., Brush Wellman,
NIOSH), ERG analyzed the results as reported by the data sources (e.g., if NIOSH indicated that
a concentration was less than the LOD and reported a value of LOD/N2, then ERG used the
adjusted value as it was reported by NIOSH).

METHODS TO ASSESS TECHNOLOGICAL FEASIBILITY

Feasibility

OSHA based this analysis on published literature; documents from sources such as NIOSH and
other government agencies; trade and industry organizations; IMIS data for beryllium from 1978
through mid-2008; information from industry representatives on typical workplace processes, job
categories, available controls, and exposure data; and site visits conducted by ERG.

OSHA evaluated the IMIS data to identify industries in which beryllium had frequently been
sampled during OSHA inspections, and in which analytical results frequently showed detectable
airborne beryllium in the workplace. Based on these results and information from the available
literature, OSHA developed a preliminary list of industries to be included in the technological
feasibility analysis. The list was adjusted as information warranted, and a list of affected job
categories with notable exposure to beryllium was developed for each industry.

Beryllium exposure data for each job category in each industry were identified in the retrieved
literature and other information sources.** These results formed the basis for the initial exposure

* An underlying assumption is that available data represent exposures of workers across the nation, regardless of
whether results come from a few facilities or facilities that were sampled multiple times (e.g., before and after
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profiles, which were presented along with process descriptions and methods of exposure control
in the contractor report, available in the beryllium docket as OSHA-H005C-2006-0870-0340
under the title Technological Feasibility Materials.

For this technological feasibility analysis, OSHA relied on the contractor report (ERG, 2005) and
included the same industries and job categories addressed in those documents, with some
modifications. OSHA also received more recent materials through June 2012. Where additional
information was available, OSHA incorporated it into the current analysis, so that all the current
data are reflected in Chapter IV of this PEA. Industries included in this analysis are those
identified as having the potential for worker beryllium exposure above 0.1 pug/m®.

OSHA recognizes that the available data unequally represent facilities at which more samples
were collected, and it seeks additional information to further define the distribution of worker
exposure in these industries.

Sector Analysis

The technological feasibility analyses are presented by application groups that correspond to
specific industrial sectors or processes as follows:

e Section 3—Beryllium Production
e Section 4—Beryllium Oxide Ceramics and Composites
e Section 5—Nonferrous Foundries

e Section 6—Secondary Smelting, Refining, and Alloying, Including Handling of Scrap
and Recycled Materials

e Section 7—Precision Turned Products

e Section 8—Copper Rolling, Drawing, and Extruding
e Section 9—Fabrication of Beryllium Alloy Products
e Section 10—Welding

e Section 11—Dental Laboratories

Additionally, OSHA collected information on three other industries, Primary Aluminum
Production, Abrasive Blasting, and Coal-Fired Electric Power Generation. The Agency is
considering the inclusion of these industries in the scope of the rule as more information is
obtained, and the best available information regarding work practices, exposures and control
methods are presented as regulatory alternatives in Appendices A through C of Chapter IV of the
PEA.

modifications). Furthermore, results from before facility upgrades represent worker exposure levels under similar
conditions at facilities that have not yet been upgraded to that extent.
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Within each application group, data are further divided into general job categories representing
groups of workers with common trends in materials, work processes, equipment, and available
exposure control methods. OSHA notes that these job categories are intended to represent job
functions; actual job titles and responsibilities might differ depending on the facility. OSHA
recognizes that many other job categories exist in these industries, but those job categories are
not associated with substantial direct beryllium exposure and are not included in the analyses.

OSHA seeks additional information that will help identify other job categories that should be
addressed in the final rule.

Data Handling

All sample results in the exposure profiles are 8-hour TWA PBZ samples, each collected over a
period of at least 360 minutes (defined for this analysis as “full-shift”).*> To determine an 8-hour
TWA, the exposure level for the period sampled is assumed to have continued over any
unsampled portion of the shift. OSHA has preliminarily determined that this sample criterion is
valid because workers in general industry are likely to work at the same general task or same
repeating set of tasks over most of their shift; thus, unsampled periods generally are likely to be
similar to the sampled periods.

By setting a minimum sampling period criterion of 6 hours, OSHA ensured that every sample
included in the analysis encompasses at least three-quarters of a typical 8-hour shift and probably
captures most activities at which the worker spends a substantial amount of time (NIOSH-77-
173, 1977). If activities differ during the initial and final portions of the shift, the activities are
more likely to involve processes required for initial setup and shutdown, which

generally contribute less to workers’ beryllium exposure. OSHA believes the 6-hour (360-
minute) minimum sampling requirement limits the extent of uncertainty about workers’ true
exposure, as no more than 25 percent of an 8-hour shift would be unsampled.

The minimum sampling period also eliminates the ambiguity associated with the LOD for low-
air-volume samples. As noted previously in the discussion of LODs, using a common sampling
method for beryllium (i.e., sample LOD of 0.013 pg per sample and air sample collected at the
recommended rate of 2.0 Ipm), an LOD less than 0.018 pg/ m® will always be achieved if the
sample was obtained for at least 360 minutes. This permits results that are reported in the
original data source as below the LOD to be included without contributing substantial
uncertainty regarding their relationship to the proposed PEL.

At beryllium concentrations found in many industrial work sites, the smaller air volume obtained
using typical methods during a shorter sample period did not collect sufficient beryllium to result
in a reading above the LOD. At the same time, the LODs for these shorter duration samples
would be higher than they are for 6-hour samples. Using an extreme example, a result of
nondetectable for a 15-minute sample (obtained at 2.0 lpm) would have an LOD of 0.43 pg/ m°.

*® An exception is made in the case of the secondary smelting, refining, and alloying application group (which
includes handling of scrap and recycled material). Due to an extreme paucity of full-shift exposure data for the
furnace operator job category, the exposure profile includes three furnace operator samples of 265 to 314 minutes
duration. These sample results are identified in the discussion of that industry.
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The assigned LOD-based value for that sample would indicate only that the true value was
somewhere between 0 and 0.43 pug/m°, a range too large to be meaningful to OSHA’s analysis
concerning a proposed PEL of 0.2 ug/m>. By relying on 6-hour samples for the exposure profile,
OSHA eliminates this ambiguity. OSHA notes that the same 15-minute sample is, however,
appropriate for evaluating short-term exposures, and that these provide meaningful information
for an analysis of a proposed STEL of 2 ug/mg.

Particulate Properties and Use in Evaluating Control Options

Ventilation Controls for Airborne Beryllium

Beryllium is a particularly light metal with unique toxicity, strength, and insulating properties.
For the purposes of dust management and exposure control, however, airborne beryllium (and its
alloys and oxides) behave predictably, like other airborne particles generated and released in a
similar manner. Once airborne, the aerodynamic particle size (rather than the particle diameter or
its substance) is the fundamental factor that most influences the behavior and choice of control
options for particles, including beryllium.

The World Health Organization published an overview of aerodynamic particle size as a
fundamental concept in controlling airborne particles of all types, ranging from metals (including
beryllium) to minerals (e.g., crystalline silica), bulk chemicals, and biological particles (WHO,
1999):

...In referring to particle size of airborne dust, the term "particle diameter™ alone is an
over simplification, since the geometric size of a particle does not fully explain how it
behaves in its airborne state. Therefore, the most appropriate measure of particle size,
for most occupational hygiene situations, is particle aerodynamic diameter, defined as
“the diameter of a hypothetical sphere of density 1 g/cm® [gram per centimeter] having
the same terminal settling velocity in calm air as the particle in question, regardless of its
geometric size, shape and true density." The aerodynamic diameter expressed in this way
is appropriate because it relates closely to the ability of the particle to penetrate and
deposit at different sites of the respiratory tract, as well as to particle transport in
aerosol sampling and filtration devices. There are other definitions of particle size,
relating, for example, to the behaviour of particles as they move by diffusion or under the
influence of electrical forces. But these are generally of secondary importance as far as
airborne dust in the workplace is concerned.

In aerosol science, it is generally accepted that particles with aerodynamic diameter >50
um do not usually remain airborne very long: they have a terminal velocity >7cm/Sec
[greater than 7 centimeters per second]. However, depending on the conditions, particles
even >100 um may become (but hardly remain) airborne. Furthermore, dust particles
are frequently found with dimensions considerably <1 um [less than 1 micron] and, for
these, settling due to gravity is negligible for all practical purposes. The terminal velocity
of a 1-um particle is about 0.03 mm/sec [millimeters per second], so movement with the
air is more important than sedimentation through it. Therefore, summarizing in the
present context, it is considered that dusts are solid particles, ranging in size from below
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1 um up to at least 100 um, which may be or become airborne, depending on their origin,
physical characteristics and ambient conditions.

Examples of the types of dust found in the work environment include:

e Mineral dusts, such as those containing free crystalline silica (e.g., as quartz),
coal and cement dusts;

e metallic dusts, such as lead, cadmium, nickel, and beryllium dusts;

e other chemical dusts, e.g., many bulk chemicals and pesticides;

e organic and vegetable dusts, such as flour, wood, cotton and tea dusts, pollens;
e Dbiohazards, such as viable particles, moulds and spores.

Dusts are generated not only by work processes, but may also occur naturally, e.g.,
pollens, volcanic ashes, and sandstorms. ...The aerodynamic behavior of airborne
particles is very important in all areas of measurement and control of dust exposure
(WHO, 1999).

In summary, beryllium particles, like other particles, settle out of air at rates related to their
aerodynamic diameter. Particles in the range of 100 um can become airborne when high energy
is exerted on them (e.g., when they are “launched” into the air by the energy of a grinding wheel
or a broom), but they fall to the ground immediately. Particles between 50 and 100 pm
aerodynamic diameter settle more slowly, but still within a few seconds in stationary air. In
contrast, smaller particles can stay airborne for hours or days. The behavior of all particles in air
is more closely related to the particle aerodynamic diameter than to its other properties. The
smaller the particles’ aerodynamic diameter, the more easily they are influenced by air motion
(i.e., a lower air velocity is required to capture them and carry them away).“°

Beryllium is a light metal; it has a lower density (mass per volume) than most other metals. A
beryllium particle will have a smaller effective aerodynamic diameter compared to otherwise
identical particles of a higher density material (e.g., lead, quartz). This means that the lower
density beryllium particle will behave consistently with its smaller aerodynamic diameter; in air
it will act like a smaller particle than the identical lead or quartz particles.*” This means that
larger beryllium particles may respond more like the smaller respirable dust particles than would
identical particles of more dense materials, such as lead. The relationship between density and
aerodynamic diameter is demonstrated in Table IV-3.

*® For readers who would like to pursue a more in-depth discussion, the WHO (1999) document lists several sources
of detailed information on particle aerodynamic diameter, including the relevant physics, in specialized aerosol
science literature.

*" This relationship holds for particles greater than 0.5 um (USEPA, 2010). The relationship is represented by the
equation: Dpa = Dps,/Pp

Where: g)pa =Aerodynamic particle diameter (um); Dps= Stokes particle diameter (um); Pp = Particle density
(gm/cm?).
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Table IV-3—Aerodynamic Diameters of Particles With Different Densities

Particle Stokes
Diameter * Relative Density Density of the Particle** Aerodynamic Diameter
2 um Low-density particle 1 g/cm?® 2.0 um
2 um Medium-density particle 2 g/cm3 2.8um
' 2 um High-density particle 3 g/cm3 3.5 um

* Stokes diameter takes into consideration the drag force of the particle’s surface (rough or smooth) and its
shape. In this example, the Stokes diameter is the same, 2 um, for all three particles; only the density changes.

** For comparison, the density of beryllium metal is 1.85 g/lcm®and beryllium oxide is 3.0 g/cm®
(see Table IV-4).

Source: USEPA, 2010.

Table 1\VV-4 compares the relative densities of beryllium metal, beryllium oxide, and several other
substances. Note that the difference in density between beryllium metal and beryllium oxide is
quite modest, and that a mineral (quartz) and another metal (aluminum) fall between the two,
suggesting that information on the behavior of beryllium metal and oxide particles could be
anticipated by the behavior of quartz and aluminum (in ventilation systems, for example).
Similarly, copper and iron are suitable examples for copper-beryllium alloy particle control
measures.*® Even lead is only slightly higher.

Table IV-4—Densities of Materials

Material Density Reference
Water 1.0 g/cm® NIST?, no date
Beryllium metal, pure 1.8 g/cm® NIST, no date
Quartz, pure (crystalline silica) 2.7 glcm® WI Geological Survey, 2010
Aluminum, pure 2.7 glem’® NIST, no date
: ; 3 Stefaniak et al., 2007,
Beryllium oxide 3.0g/cm Mishima et al., 2006
Chromium (IV) compounds” 2.52-6.12 g/cm® NIEHS®, 2011
Iron, pure 7.9 g/cm3 NIST, no date
Copper-beryllium alloy (Example: 3 .
1 9% beryliom: 0.4% o coball) 8.3 g/em Alloy Wire, no date
Copper, pure 9.0 g/lcm® NIST, no date
Lead, pure 10.1 g/cm5 NIST, no date

% National Institute of Standards and Technology

® National Institute of Environmental Health Sciences. The range of densities for chromium (IV) compounds
represents those most commonly found in industry (i.e., calcium chromate, chromium trioxide, lead chromate,
potassium chromate and dichromate, sodium chromate, strontium chromate, and zinc chromate).

In reality, many characteristics influence a particle’s aerodynamic diameter and its behavior in a
given environment (identical particles only exist in theory); however, density remains one of the

*8 The density of an alloy is most influenced by the predominant metals. A copper alloy containing 5 percent
beryllium and 95 percent copper has a density similar to that of pure copper (see Table 1V-4).
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most important factors.*® Other important factors—particle size and shape—are results of the
action that generated the particle.

The resulting particle size and shape are influenced by both the tool and the amount of energy
the tool exerts on the material. Low-speed machining actions often produce material turnings
(i.e., shavings) that are too large to remain airborne, while high-speed machining releases very
fine particles that do remain airborne. Grinding and crushing (e.g., pulverizing) actions produce
particles in a range of sizes, depending on the force, speed, and aggressiveness of the tool
action.> The finest particles emitted from crushing and grinding equipment may stay airborne. In
contrast, the larger particles and chips from these processes, which normally would fall to the
ground, can be ejected at high velocity; therefore, the equipment requires special ventilation
hoods to capture these larger particles as they are ejected, to avoid dispersing them through the
work area. Where metals are heated (e.g., welding and furnace operations), the condensed vapors
form small particles that are carried by the rising current of hot air.

Various organizations and investigators group similar particles according to their shape and
source.™ For the purpose of designing suitable ventilation controls, ACGIH places great
importance on the nature (in this case related to aerodynamic diameter) of the air contaminant
and the action that generates it (ACGIH, 2010). Groupings listed by ACGIH are presented here
with examples relevant to beryllium industries:

e Fumes and metal smoke: Condensed particles from welding and foundry activities.
e Very fine light dusts: Fine particles from beryllium metal and oxide production.

e Average industrial dust: Grinding dust, dust from pulverizing and abrasive cutting,
general foundry dusts.

e Heavy dusts: Metal turnings, foundry tumbling barrels and shakeout, sandblast dust,
dust of high-density metals (e.g., lead, copper alloys).

e Heavy or moist dusts: Metal dusts with small chips, moist cement (ceramic) dust.

Considering particle sizes and the methods that generate the particles provides OSHA great
confidence in using studies of control methods involving other materials and other industries to
estimate the effectiveness of control methods for beryllium particles. Several studies have

* Numerically, the particle density affects the aerodynamic diameter as it is directly proportional to the
aerodynamic diameter by its square root, and as it is inversely proportional to the stokes diameter. The relationship
between stokes diameter and particle density is explained by the following equation (Hinds, 1999): d, = /% ,
where ds is the stokes diameter, Vts is the terminal settling velocity of the particle, n is the coefficient of dynamic
viscosity, pb is the material density, and g is the acceleration due to gravity.

% In this context an “aggressive” tool action is one that removes a large amount of material rapidly, as a function of
the tool shape (a course grinding blade will remove material more quickly than a fine grinding blade).

* Mishima (2006) in a report analyzing the potential for airborne beryllium release and combustion (of beryllium
metal, beryllium oxide, and alloys) during Department of Energy facility accidents, reviewed information on the
following particle shapes: powder, chips, turnings, swarfs (i.e., metallic particles and abrasive fragments removed by
a cutting or grinding tool), and “large coherent items” (i.e., rods and blocks of a size that would not become
airborne).
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evaluated the size of beryllium particles generated during workplace activities and found that a
notable portion of the sample is in the form of respirable particles (particles of aerodynamic
diameter 2 um to 10 pm, centered at 3.5 um).>? Examples include the following studies in a
beryllium production facility, a copper-beryllium foundry and machining area, machine shops,
and an electronics recycling plant.

Kent et al. (2001) reported on mass mean aerodynamic diameter (MMAD) for particles in 55 air
samples collected in five different furnace areas at a beryllium manufacturing facility. Overall,
three-quarters of the beryllium mass in the samples was associated with particles of MMAD 18
um or less. Particles of MMAD 10 um or less (respirable size) contributed more than half (57
percent) of the total beryllium in these samples.™

NIOSH reported similar results in the furnace area and machine shop (near cutting equipment) at
a copper-beryllium foundry that manufactures products (0.45 to 2.15 percent beryllium) for the
metal die casting industry (NIOSH EPHB 326-11a, 2008).>* The cutting equipment was used
with coolants. In addition to machining, the shop was used for grinding, polishing, and buffing,
with most of the equipment fitted with local exhaust ventilation (e.g., canopy hood, side draft,
slot). The six samples indicated that 59 to 77 percent of the sample mass concentration was
associated with particles less than 18 um (NIOSH EPHB 326-11a, 2008).”

Another study of aerosols generated during beryllium machining under typical working
conditions also showed that more than 50 percent of the beryllium machining particles in the
workers’ breathing zones were less than 10 um aerodynamic diameter (Martyny et al., 2000).%°

*2 Interest in particle surface area and particle number has led to a number of studies characterizing very small
particles, often including those less than 0.5 um. These particles contribute little to the mass concentration of
airborne beryllium, however, so they are not reviewed as part of this analysis. These very small particles are
influenced by any air motion and are easily drawn into industrial ventilation systems. Dust collection efficiency for
small particles is the limiting factor in capturing small particles; however, effective filters are readily available. For
example, high-efficiency particulate air (HEPA) filters are 99.97 percent efficient for particles 0.3 pm, which have
historically been more difficult to capture than larger particles that are readily captured using conventional filters.
(ACGIH, 2010).

%% In this study, the furnaces were engaged in beryllium metal production, beryllium oxide production, and copper-
beryllium alloy melting and casting. The three furnace types included reducing furnaces, induction furnaces, and arc
furnaces. Kent et al. (2001) used a micro-orifice uniform deposit impactor (MOUDI) within 3 to 5 feet of worker
positions to separate particles into specific size ranges as the air was sampled. Total beryllium mass concentration
among the 55 samples ranged from 0.0547 pg/m? to 7.65 pg/m®. Comparison sampling with an Anderson impactor
(a different model of particle-separating equipment, used in this case to evaluate a smaller range of particle sizes)
did not correlate well to the MOUDI results (Kent et al., 2001).

> NIOSH used a MOUDI for this evaluation of the mass distribution of airborne particles at locations near furnaces
and cutting equipment where high particle concentrations were expected. NIOSH reported results for the six
samples, which indicate that 59 to 77 percent of the sample mass concentration was associated with particles less
than 18 um (NIOSH EPHB 326-11a, 2008). NIOSH also used another particle-sampling method to evaluate smaller
particles, less than 2.5 pm.

> At this foundry, 16 of the 24 personal samples for total beryllium exceeded the NIOSH Recommended Exposure
Limit (REL) (0.5 pg/m®) and seven exceeded the current OSHA PEL (2 ug/m®). Overall, the results ranged from
0.06 pg/m®to 5.52 pg/m®,

% To separate particles into size ranges, Martyny et al. (2000) used Marple personal cascade impactors and obtained
paired stationary samples using 8-stage Lovelace Multijet cascade impactors. The larger turnings are too large to
become airborne, Martyny et al. show that numerous fine particles are also formed.
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NIOSH also evaluated respirable and total beryllium mass concentrations in workers’ breathing
zones at an electronics recycling operation (receiving, sorting, disassembling, glass breaking,
packaging, and shipping), but airborne beryllium was not detected at levels above the LOD of
the analytical method (less than 0.03 pg/m?® for both respirable and total particulate samples)
(NIOSH EPHB 326-17a, 2009).>" >

The information presented on the previous pages indicates that ventilation system tests with non-
beryllium materials can offer information relevant to beryllium control (aerodynamic diameter is
more important than the material itself). Additionally, matching similar actions and intensities
(as suggested by ACGIH and WHO) further enhances the relevance of control technologies from
one industry or material to another. Furthermore, there is substantial evidence from recent
studies that current worker exposures are predominantly to respirable size particles (more than
half of the mass concentration is due to particles less than 10 um in diameter). This finding
indicates that control technologies proven for respirable dust are relevant to beryllium exposure
reduction and likely will reduce exposure to airborne beryllium particles to a similar extent as
other dusts.

Beryllium is not always a dry dust. Beryllium particles can be contaminants of metal working
fluids, used as coolant and lubricant during metal machining activities, and aerosols emitted from
chemical processing activities that generate bubbles. During metalworking, the machine tool
releases beryllium particles, which are captured by the metalworking fluid; the small particles
remain suspended in the metalworking fluid solution and are typically recirculated with the fluid
applied to the machine tool or blade. Over time, the amount of metal particle contaminants builds
up in the fluid. This contaminated fluid can become airborne as a fine mist when aerosols are
generated by the action of the machine tool it cools (typically during high speed, high energy
activities such as grinding and sawing). NIOSH defines metalworking aerosol as the “mist and
all contaminants in the mist generated during grinding and machining operations involving
products from metal and metal substitutes” (NIOSH Metalworking Fluid, 2012). Once airborne
these combined fluid/beryllium aerosols behave according to the same principles of aerodynamic
diameter as other particles.

> At this electronics recycling facility, dust levels were generally modest. Total particulate concentrations (all
components of the airborne dust) at this facility ranged from below the LOD to 1,099 pg/m® (well below OSHA’s
PEL of 15,000 pg/m®). The 10 total respirable particulate samples had concentrations ranging from 33 to 291 pg/m®
(again well below OSHA’s PEL of 5,000 pg/m®) (NIOSH EPHB 326-17a, 2009).

*8 Beryllium particle size was also of interest several decades ago; however, at that time, the findings suggested that
respirable dust was less prevalent, possibly because current control strategies minimize gross release of quantities of
the larger particles. As early as 1971 NIOSH conducted extensive sampling for total and respirable beryllium at a
poorly controlled smelting facility where beryllium exposure for most workers was greater than 1 pg/m?® and
exceeded 100 pg/m® for several workers (highest result was 2,889 ug/m?) ( NIOSH IWS-37-13). NIOSH deemed the
powdering operations “out of control” and recommended immediate corrective action (actions not defined).
Mishima et al. (2006) describe a beryllium powder obtained from a manufacturer in which 90 percent of the mass
comprised particles between 32 pm and 80 pum, well above respirable size. Therefore, it is not surprising that under
the conditions that NIOSH found at the smelter in 1971, the mass concentration of total beryllium greatly exceeded
the respirable fraction. At this smelter, total particulate concentration was four to 20 times greater than the
corresponding respirable fraction for most of the 119 paired PBZ samples. This is a substantially greater proportion
of larger particles in the air samples than has been reported in more recent studies of beryllium workplaces.
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When employees machine beryllium-containing metals the metalworking fluid can become
contaminated with beryllium particles and is therefore a potential source of beryllium exposure,
both as airborne aerosol and surface contamination. Once distributed throughout the work area,
the particles can dry and be re-suspended if agitated by nearby activity or a broom. In a study on
machine enclosures, Hands et al. (1996) explain that “metalworking fluid mist exposures in
machining and grinding operations can be controlled by many means, including limiting fluid
pressures and volumes, applying fluid only when the tool interfaces with the workpiece, adding
mist suppressants to fluids, and ventilating and enclosing operations.”

A similar situation exists with aerosols ejected into the air when bubbles (from the chemical
reaction) burst on the surface of chemical treatment tank liquids. If the liquid is contaminated
with beryllium particles (e.g., friable beryllium surface oxides that are released into the fluid)
these particles can be emitted as part of the aerosol.”

Based on these facts, OSHA preliminarily concludes that the results of ventilation controls tested
by evaluating capture of any airborne dust particles, of any type, with similar origin, will be
equally applicable to control of beryllium particles. For example, investigators have conducted
extensive research on dust controls for respirable crystalline silica. OSHA finds that it is
reasonable to consider ventilation control studies for silica grinding (or furnace, machining, or
other) operations when evaluating potential controls for similar beryllium grinding (or furnace,
machining, or other) operations. This finding is supported by the similarity in the densities of
beryllium metal, beryllium oxide, and crystalline silica (see Table 1VV-4), and the routinely high
proportion of respirable particles in airborne beryllium dusts.

Wet Methods for Airborne Beryllium

OSHA finds that there is considerable evidence that water spray droplet size is a primary factor
in the efficacy of water (or other fluid) sprays used to control dust. The most effective spray uses
a droplet size similar to the particle size that the spray is intended to control (Spray Systems, no
date). Therefore, OSHA preliminarily concludes that studies of wet dust control methods applied
to airborne dust will be similarly applicable to the beryllium portion of dust. This statement
applies regardless of whether the fluid is applied as a spray or as a stream that generates a spray
or mist through tool action, as is the case for machine tools (e.g., high-speed grinding and cutting
equipment used with cutting oil or water coolant in the precision turned products industry).

Use of Short-Term and Area Sampling Results

The exposure profiles in the portions of this technological feasibility analysis that evaluate 8-
hour TWA exposures do not include short-term exposure concentrations, for reasons described
above (with the exception of the secondary smelting, refining, and alloying application group, as
discussed in an earlier footnote). However, short-term samples can provide important
information about the effectiveness of controls. Short-term samples also permit multiple trials of
controlled and uncontrolled activities. In studies of this nature, investigators measure intensive

% Note that in both cases (metalworking fluids and chemical treatment tanks) only very small fluid aerosols (fine
mists) remain airborne. Larger droplets fall to the ground. The emission of contaminated fluid aerosols is a different
process than use of wet methods (usually clean water mists) to capture air contaminants that are already airborne
(discussed below in the paragraph on Wet Methods For Airborne Beryllium).
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periods of an activity (such as machining) without pauses or supplemental activities that can
complicate comparisons of airborne dust during controlled and uncontrolled conditions. Results
of brief samples, even just a few minutes in duration, can provide useful comparative
information. Similarly, area samples obtained near the source of emissions provide information
useful for evaluating the effectiveness of exposure controls. OSHA considers these experimental
results in the discussion of additional controls for specific groups of workers.

Use of Surrogate Data

In some cases, when exposure information from a specific job category is not available, OSHA
has based that portion of the exposure profile on the surrogate data from one or more similar job
categories in related industries. The “surrogate” data are selected based on strong similarities
between raw materials (e.g., sources of beryllium, percentage of beryllium), equipment, worker
activities, and exposure duration in the job categories. Although other factors differentiate the
industries, the individual job categories were determined to be sufficiently similar. When used,
OSHA has clearly identified the surrogate data and the relationship between the industries or job
categories.

Materion Worker Protection Model

A combination of control methods usually offers the most effective option for reducing worker
beryllium exposure levels. Materion Corporation has identified a combination of measures that
the corporation advocates as reducing airborne exposures to 0.2 pg/m® or less for the vast
majority of workers in most work areas most of the time. This multi-faceted beryllium exposure
control program is known within the beryllium industry as the Materion Worker Protection
Model.

The Materion Worker Protection Model includes:

improved workplace orderliness and cleanliness, enhanced dermal protection in the form
of polymer gloves and long-sleeve uniforms, dust migration control measures (e.g., tacky
mats at entrances/exits and company clothing and boots that do not leave the facility),
administrative controls (e.g., routine decontamination procedures in work areas),
limiting airborne beryllium concentrations through engineering upgrades, such as
enclosure and ventilation of high-risk processes to reduce airborne exposures to
predominantly less than 0.2 ug/m®, and extensive training and involvement of workers”
(Thomas et al., 2009).

The control measures (i.e., engineering controls, work practices, and housekeeping) must be used

together to ensure that exposure levels are reliably maintained below 0.2 ug/m? for the vast
majority of workers nearly all the time (Materion Information Meeting, 2012).
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Deubner and Kent (2007) and Knudson and Kolanz (2009) present the following basic elements
of the comprehensive plan:®°

e Avoid exceeding an 8-hour TWA exposure level of 0.2 pg/m°.

e Keep work areas visibly clean and take steps to ensure they stay that way.

e Keep beryllium off the skin by using long sleeves and hand/wrist protection.
o Keep beryllium off clothing by keeping work clothes visibly clean.

e Keep beryllium at the source and in the work process by taking steps to avoid
spreading it.

e Keep beryllium in the work area by eliminating causes of migration.
e Keep beryllium on the plant site by improving cleanliness standards.

Prepare beryllium workers for safe work with standard operating procedures and appropriate
training. Appendix 1 of the Methodology section includes a summary of Materion Corporation’s
Interactive Guide to Working Safely with Beryllium and Beryllium-Containing Materials
(available at http://www.berylliumsafety.com/).

To achieve the first element (avoid exceeding an 8-hour TWA exposure level of 0.2 ug/m?),
Materion Corporation promotes engineering controls that include partial or full enclosures,
minimum prescribed exhaust air flow rate across all openings, and efficient air filtration designed
to capture even very small particles. Specifically, the enclosure or booth ventilation should
provide 250 feet per minute (fpm) across the opening. It should also be fitted with a HEPA air
filter, and personnel need to take special precautions when servicing the enclosure or booth or
the blower (including while changing the filter). These precautions minimize the release of
beryllium into the workplace, where it can affect the exposure of any workers in the space.
However, personnel servicing the enclosure or booth or its air handling equipment require
respiratory protection during these tasks. Employers still need to identify repair and maintenance
activities that can generate airborne particles so that workers can be protected during those
specific activities. Materion Corporation also promotes alarms as an important part of the
ventilation system, to indicate when filter performance falls outside an effective range.

In cases where an enclosure or booth designed in this way (i.e., with 250 fpm airflow across
openings) does not reliably control exposures to levels of 0.2 pg/m?® or less, Materion
Corporation reports achieving lower exposure levels by increasing the ventilation rate to provide
400 fpm across openings. This strategy has proven successful for a wide range of activities,
processes, equipment, and hood designs at Materion Corporation’s plants and those of their
customers (Materion Information Meeting, 2012).

Employers implementing the Materion Worker Protection Model need to ensure that their
ventilation system designers pay attention to the type of operations that will be performed in the

% Deubner and Kent (2007) also outline the elements of the plan and provide an overview of how Brush Wellman
arrived at the decision adopt an internal occupational exposure limit of 0.2 pg/m>.
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area. The designers must match appropriate ventilation systems to the tasks. Materion
Corporation reports success using hybrid ventilation systems (pairing two or more dust capture
methods) for dusty tasks or high-energy activities, some of which have historically been difficult
to control (e.g., grinding on materials that contain beryllium).

Materion Corporation provides a specific example of equipment used successfully to control
worker exposure levels for these dusty or high-energy activities. This effective strategy involves
using a combination backdraft/downdraft ventilated workstation with partial enclosures (sides
and top). For example, Materion Corporation has evaluated grinding booths of this general back-
draft-plus-downdraft design, paired with work practices and careful housekeeping methods. This
type of ventilation design, used in conjunction with other components of the Materion Worker
Protection Model, has reduced exposure levels for workers performing manual grinding (and
related tasks using powered or rotary tools, such as polishing and buffing) to concentrations of
0.2 pg/m® or less as an 8-hour TWA, Materion Corporation’s internal occupational exposure
limit (Materion Information Meeting, 2012).

Once enclosures and ventilation systems are in place, the subsequent steps listed in the Worker
Protection Model are necessary to ensure that:

e Equipment operates properly.
e Rigorous housekeeping is conducted on a frequent, routine schedule.

e Workers have knowledge and understanding that allow them to recognize situations
that could result in beryllium release and understand the importance of taking
appropriate action.

These steps create an environment where it is easy for workers to notice something amiss and
respond effectively.

DISCLAIMER

References to specific commercial products or manufacturers in this technological feasibility
analysis are included for informational purposes only and do not constitute endorsements by
OSHA of such products or manufacturers.

TECHNOLOGICAL FEASIBILITY ANALYSIS

The remainder of this analysis addresses the technological feasibility of controlling exposures to
or below the proposed PEL in general industry.
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SECTION 2—METHODOLOGY, APPENDIX 1—MATERION BERYLLIUM WORKER
PROTECTION MODEL

Materion Corporation, the primary beryllium producer in United States, has developed a
beryllium worker protection model to prevent chronic beryllium disease (CBD) and other
adverse effects associated with the inhalation of beryllium-containing particles (Deubner and
Kent, 2007; Knudson and Kolanz, 2009). This producer’s experience has shown that worker
protection is best provided by a comprehensive exposure control program applied to specific
tasks and operations. The worker protection model incorporates eight program elements:

Keep beryllium-containing particles out of the lungs by adhering to the beryllium
producer’s recommended 8-hour TWA exposure guideline of 0.2 pg/m® with a very
high degree of statistical confidence.

Keep beryllium work areas visibly clean, well lit, orderly, and free of clutter.
Systematic cleaning and maintenance of orderliness will make it easier to determine
when work surfaces are not visibly clean and to control worker exposure to hazardous
materials.

Keep beryllium off the skin (whenever beryllium particulate or salt contact is
possible) to prevent beryllium-containing particles from entering the skin through
cuts, abrasions and rashes. Prevent skin contact with beryllium particulate or salt-
contaminated surfaces or with beryllium-containing liquids or dusts (splashing or
falling) through the use of appropriate PPE (such as impervious gloves, wrist covers,
long-sleeved shirts and pants; and additional protective clothing as necessary when
liquids can contact clothes and penetrate through to the skin). Hand and arm contact
with the face can be a source of inhalation exposures.

Keep beryllium off clothing and shoes to prevent the transfer of beryllium between
work areas. Prevent clothing contamination by keeping work clothes visibly clean. If
work clothes can become visibly dirty, use overgarments to protect work clothes.
Beryllium-contaminated clothing can be a source of worker exposure (through
redispersion of beryllium-containing particles into the air and from hand to face
contact) and a major route for carrying beryllium out of the work area.

Keep beryllium at the source and in the work process. Prevent the generation or
release of airborne particles by not producing beryllium-containing particles in the
process or by capturing particles (e.g., through the use of ventilation and enclosures)
before they can become airborne.

Keep beryllium in the work area. Prevent beryllium-containing particles and solutions
from migrating to work areas where beryllium work is not performed (e.g., break,
office, meeting room, and cafeteria areas) through the use of engineering controls,
work practices, administrative actions, and PPE. “Beryllium migration from work
areas occurs when beryllium is carried in air and on tools, vehicles, scrap, product,
and people” (Deubner and Kent, 2007).
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e Keep beryllium on the plant site. Prevent beryllium contaminated people and/or
objects from leaving the plant and potentially exposing others in the community. For
example, by improving and maintaining cleanliness standards for all products and
shipped materials including pallets and trailer vans.

o Keep beryllium workers prepared to work safely. Ensure that appropriate safety
training (e.g., awareness level or full competency) is provided by operational
management (supervisors) prior to potential exposure to beryllium. Include safety
standard operating procedures to ensure tasks are performed safely from both general
safety and beryllium safety perspectives. Where full competency is required, include
observation of competency.

The program elements are described in greater detail in Materion Corporation’s online
Interactive Guide to Working Safely with Beryllium and Beryllium-Containing Materials (see
http://www.berylliumsafety.com/). Applying the worker protection model can reportedly be as
simple as implementing the types of controls typically found in most industrial operations in
conjunction with full consideration of all elements of the model.
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SECTION 3—BERYLLIUM PRODUCTION

One primary beryllium production facility is currently in operation in the United States, a plant
owned and operated by Materion Corporation,®* located in EImore, Ohio. The facility is
classified in NAICS 331419, Primary Smelting and Refining of Nonferrous Metal. The EImore
plant is a large integrated facility that, in addition to beryllium metal, also produces beryllium
alloys and beryllium oxide ceramics that are further processed on site or shipped to other
facilities for processing into a variety of products.®? Thus, some of the production processes at
the EImore plant, such as rolling, drawing, welding, and machining operations, overlap with
industry sectors addressed in other sections of Chapter IV (Technological Feasibility) of the
Preliminary Economic Analysis (PEA).

NUMBER OF EMPLOYEES

In response to a Request for Information in 2002, Brush Wellman provided a list of job titles for
the Elmore facility, based on an average employment of 616 workers (OSHA-H005C-2006-
0870-0092). This total includes workers producing beryllium metal, alloys, and beryllium oxide
product, as well as administrative, research, and maintenance personnel. Table IV-5 shows the
staffing levels at the EImore plant by job category and work group.

Table IV-5—Employment by Department (1999)—Brush Wellman, Inc., EImore, Ohio

Job Category Work Group Total No. of Workers
Chemical Operations 18
Beryllium Sulfate Salt (GC salt and wet screen operators) 18
Furnace Operations 58
Alloy Induction 30
Alloy Arc 13

High Beryllium Vacuum Cast

High Beryllium Atomization

Beryllium Oxide

Production Support 146

Mix Makeup (furnace charge) 5

Scrap Recycling:

Inventory Control Center 2

81 Materion Corporation used to be called Brush Wellman. In 2011, however, subsequent to the collection of the
information presented in this chapter, the name changed. “Brush Wellman” is used whenever the data being
discussed pre-dated the name change.

82 In all, Materion Corporation operates four manufacturing facilities that handle beryllium, including the Elmore
plant; an alloy rolling and drawing mill in Reading, Pennsylvania (discussed in Section 8—Copper Rolling,
Drawing, and Extruding); a ceramics facility in Tucson, Arizona (discussed in Section 4—Beryllium Oxide); and a
facility producing specialized beryllium products (e.g., X-ray equipment components made from beryllium oxide) in
Fremont, California.
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Table IV-5—Employment by Department (1999)—Brush Wellman, Inc., EImore, Ohio

Job Category

Work Group

Total No. of Workers

Scrap Reclamation 4
Leaching 3
Resource Recovery 13
Maintenance:
Production Equipment 47
Furnaces and Tools 23
Molds and Dies 7
Research and Development 12
QA/QCl/Inspection 30
Hot Work 42
Hot Rolling/Extrusion 16
Annealing 14
Welding
Pickling
Degreasing
Cold Work 118
Rolling
Straightening
Drawing
Machining:
Billet Preparation 19
Alloys 33
High Beryllium 43
Powdering 4
Operator/Impact Grinding 1
Compact Loading/Sintering 1
Near Net Shape (operator and welder) 2
Site Support 127
Laundry 11
Janitorial 6
Landfill
Facility Maintenance 24
Analytical Laboratories 18
Ship/Receive/Material Handling 19
Wastewater Treatment 7
Store (supply) Rooms 4
Security 7
Boiler Operators 4
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Table IV-5—Employment by Department (1999)—Brush Wellman, Inc., EImore, Ohio

Job Category Work Group Total No. of Workers

Facility Engineering 9
Cafeteria 9
Decontamination 7

Administrative 103
Operations/Management 44
Human Resources 3
Information Systems 4
Credit Union 5
Environmental Health and Safety 9
Medical 4
Training 2
Production Planning 19
Engineering 13

Total 616

Source: OSHA-H005C-2006-0870-0092

OVERVIEW OF PROCESS

This section covers the production of beryllium metal, beryllium alloys, and beryllium oxide
powder. The processing and machining of beryllium oxide ceramic and composite is covered in
the subsection titled Beryllium Oxide Ceramics and Composites, and the processing and
machining of beryllium and beryllium alloys is covered in the sections on Precision Turned
Products and Copper Rolling, Drawing, and Extruding, in Chapter 1V of the PEA.

A survey conducted by the National Institute for Occupational Safety and Health (NIOSH)
indicate that exposure to beryllium occurs in the following departments on a routine (i.e., daily)
basis: Alloy (Alloy R&D), Pebble/Oxide Plant, Powdered Metal Products, and Resource
Recovery. Maintenance workers can also be exposed when working in these parts of the plant)
(McCawley, 2000). The chemical form of the beryllium varies among those departments. In the
Alloy department, the beryllium typically is contained in copper-beryllium (CuBe), nickel-
beryllium (NiBe), and aluminum-beryllium (AlBe) alloys. Beryllium oxide (BeO) may be
produced intentionally as metallic powder, and can form as a byproduct during processing, such
as in alloy “hot work” applications (e.g., melting and casting, hot rolling, annealing and
extrusion). In the Pebble/Oxide Plant, the beryllium is most commonly present as beryllium
oxide, ammonium beryllium fluoride, beryllium fluoride, and beryllium pebbles (98 percent pure
beryllium metal). In the Powdered Metal Products department, the beryllium is in its elemental
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form, and for activities associated with the Resource Recovery Department, the beryllium can be
in any of the forms mentioned above.®®

Beryllium Metal Production

The production of beryllium metal is a multistep process that begins with wet chemical
processing of beryllium hydroxide Be(OH), obtained from mining and extraction operations in
Utah. The Be(OH); is dissolved in ammonium biflouride to form an ammonium beryllium
fluoride (ABF) solution. The solution is purified through a series of precipitation and filtration
steps to form ABF salts, which are then decomposed to beryllium fluoride (BeF,) in the fluoride
furnace. The beryllium fluoride is reduced in a reduction furnace at approximately 900°C in the
presence of magnesium to produce beryllium pebbles. The beryllium pebbles are then separated
from the magnesium fluoride in a hammer mill. The result is 98-percent pure beryllium pebbles
(National Materials Advisory Board, 1989).

Beryllium pebbles and other high-grade beryllium scrap (e.g., machining chips) are charged into
a vacuum-melting furnace. The vacuum-melted beryllium metal is poured into a graphite mold to
produce a 400-Ib vacuum-cast billet.** Vacuum-cast beryllium billets are machined into chips on
lathes with multiple machining cutters. The chips are then processed into beryllium metal
powder in one of four powder-producing operations: attrition mill, impact grinding mill, ball
mill, or atomization.

Beryllium metal powder is consolidated with hot vacuum pressing or near-net-shape (NNS)
technologies. In hot vacuum pressing, beryllium powder is loaded into a graphite die; the powder
inside the die is subjected to temperatures up to 1,125°C and pressures up to 1,200 psi to produce
vacuum hot-pressed billets of varying dimensions. The vacuum hot-pressed billets are machined
using typical metal fabrication techniques (e.g., lathe turning, milling, band sawing, surface
grinding) in the machine shop.

NNS powder consolidation techniques include hot isostatic pressing and cold isostatic pressing.
In hot isostatic pressing, NNS beryllium parts are produced by loading beryllium powder into a
welded mild steel container, shaped and sized to account for the shrinkage that occurs after hot
isostatic pressing. The container is sealed and vacuum-outgassed to remove residual gas inside
the container. The container is loaded into an isostatic press, where it is subjected to high
temperatures and pressure to compress the powder into a product of a particular size and shape,
which is determined by the container volume. The mild steel container is then removed by
chemically dissolving the steel in a nitric acid bath. Cold isostatic pressing is similar to hot
isostatic pressing in that beryllium powder is loaded into a die (usually made of rubber), which is

% OSHA notes that the departments listed here to not directly correspond with the job categories in Table IV-5. For
analytical reasons, OSHA analyzed exposures by job category rather than by department.

% A billet refers to the object cast from the melted beryllium. It is traditionally cast into a generic shape convenient
for further processing.
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then sealed, outgassed, and cold-pressed.®® The rubber mold is then mechanically removed. The
NNS parts are generally sent out for final machining at a precision machine shop.

Beryllium Alloy Production

The Elmore facility produces beryllium alloys in a variety of shapes, including bars, rods, tubes,
wires, strips, and plates.

To produce beryllium alloys, beryllium hydroxide is calcined into beryllium oxide powder and
mixed with carbon/binders to form pellets that are transferred to a charge bin. This is done
through a computer-controlled closed system. The charge bin holds approximately 1 ton of
beryllium oxide pellets, copper, and petroleum coke. These materials are used to charge the
Whiting Arc Furnace. The output from the Whiting Arc Furnace is a 30-1b copper-beryllium
“master alloy” that has a beryllium content of 3.8 percent by weight. This product is then used
along with other forms of alloy (e.g., scrap) in casting the larger product billets, which are lower
in beryllium content. Dross from this and other operations can be recycled into the furnace to be
reclaimed.®®

Melting and casting of master alloys is performed in the cast shop. The cast shop produces billets
of copper-beryllium, nickel-beryllium, and aluminum-beryllium up to 40 feet long. Both old and
new cast shops are in operation at the EImore facility, located separately from each other.®” The
large billets (up to several feet in diameter and 10 to 40 feet long) are cast using a direct chill
process. A 1- to 2-feet-deep, open-ended, water-cooled mold is used in the process.
Hydraulically controlled, tilting melting furnaces are used to pour the molten metal into a
tundish® that transfers the molten metal to the water-cooled mold in a vertical water-filled pit.
As the metal is poured through the mold, it rapidly solidifies and retains the shape of the mold,
forming a billet. Further cooling and solidification of the billet occurs in the pit. Either
rectangular or cylindrical billets can be produced, depending on the processing needs. Round
billets are processed in an extrusion press to make various objects, such as rods, bars, tubes, and
wire products. Rectangular billets are also processed to make strip and plate products and to be
sold directly to customers.

The casting operation also includes scrap furnace operations, in which scrap (produced by the
operations at EImore, the distribution centers, and customers) is returned, melted, and reused.
Scrap contaminated with rolling or cutting oils is melted in the scrap-melting furnace in the old

% Cold isostatic pressing does not require the application of heat external to the heat generated by the pressure of the
press.

% Dross refers to metal oxides in or on the surface of molten metal. Slag is a nonmetallic covering that forms on the
molten metal from impurities contained in the original charge, some ash from the fuel, and silica and clay eroded
from the refractory lining. Slag is skimmed off prior to tapping (pouring) the molten metal (NIOSH 85-116F). The
two terms are frequently used interchangeably in the literature.

%7 The new cast shop has an improved ventilation design as well as limited access to ensure better control of
beryllium dust migration. The new cast shop produces the alloy that will be used for final products by charging the
furnace with master alloy, copper rod, and clean scrap. The old cast shop produces ingots from contaminated scrap.
These ingots are then used in the new cast shop.

% A tundish is a container that is used to transfer molten metal into molds.
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cast shop and cast into ingots.® Clean scrap can be introduced directly into the furnaces in which
beryllium products are made.

Billet Preparation

Billets are reheated after casting through a process similar to tempering. The reheating
homogenizes the various materials within the billet. This homogenization can also be done to the
material at other stages in the manufacturing process. For example, Materion regularly heats its
products after rolling or cutting. Once the billets have been cast and reheated, they can be cut
into multiple lengths, sectioned on a saw, turned on a lathe, or conditioned on the scalping mill.
For those billets that will become tubing, a deep hole-drilling machine is used to bore holes
before the billet is sent to extrusion.

Production of Final Shapes

This section details the hot and cold work operations used to produce rods, bars, tubes, and
sheets of alloy strip.

Both hot-worked and cold-worked items are manufactured from the billets. The hot-worked
items are either forged or extruded to dimensionally form the product and refine the cast grain
structure. Solution annealing, flattening or straightening, age-hardening, cutting to size, surface
cleaning, and inspection operations are used. Shapes commonly manufactured include rods, bars,
tubes, rings, and some special cross-sectional shapes, all in a wide range of sizes. Note that the
exposure profile contains a major job category titled “Hot Work,” and it includes activities such
as extrusion and hot rolling, annealing, pickling, degreasing, and welding.

The cold-worked products are manufactured when the application requires closer dimensional
tolerance, more refined metallurgical properties, more stringent physical or mechanical property
ranges, or better surface finish than the less costly hot-worked products. The additional
processing can be as simple as adding a pointing and drawing operation but could also include
additional annealing and cleaning steps or other metallurgical, dimensional, and quality
assurance tests. Note that the exposure profile contains a major job category titled “Cold Work,”
and it includes activities such as rolling, straightening, drawing, and machining.

Both cold and hot work operations are described below in relation to the final product being
manufactured.

Rod, Bar, and Tube Products

Extrusion (Hot Work)

The extrusion press refines the cast structure by pushing a round cast billet through a die,
producing a semi-finished hot-worked product. Rods, bars, and tubes of many dimensions can be
produced this way. An abrasive cut-off saw is used to cut the product at the exit end of the
extrusion press die. Additionally, a hot coiler is attached to the system to produce wire up to 1.25
inches in diameter. Water spray nozzles along the length of the runout and walking beam tables

% Similar to a billet, an ingot is a casting shaped into a generic shape for further processing. Contaminated scrap is
melted separately and made into ingots in order the remove impurities created by the contaminants. These ingots are
then fed into the melting and casting operations that produce the billets that will be used for the final products.
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are used to provide uniform cooling and keep the materials straight. Some products are cut to
length on an abrasive cut-off saw at the end of the runout table. The extrusion process is located
adjacent to the billet preparation area and not in the rod, bar, and tube mill.

Annealing (Hot Work)

The Sauder furnace complex at the EImore facility ages and anneals the rod, bar, and tube
products. Annealing is a process in which the alloy is heated and then cooled very slowly and
uniformly. The time and temperature of the process are set according to the properties desired.
Annealing increases ductility and minimizes the possibility of a failure in service by reducing
internal strain.

Swager (Cold Work)

Before cold drawing, rods or tubes must be made smaller on one end to be able to feed material
through the drawing die to the jaw grips. Additionally, the smaller end must be strengthened to
prevent breaking during drawing. A swager is used to cold point all rod and tube products prior
to drawing. At the swager, material is fed into four tapered dies that hammer the work piece over
a 3-inch length. An 8-inch point length is required before drawing.

Bulk Pickling (Hot Work)
The bulk pickler is used to clean rod, bar, tube, and wire products that either have been cut to
length or are in coil form. The operation consists of three steps:

e A sodium hydroxide (NaOH) bath for 30 minutes.
e A nitric acid bath for 5 minutes or less.
e Dipping in stain/oxidation inhibitor (benzotriazole or BTA).

The acid content, bath temperature, copper content, and urea content are computer-controlled to
maintain optimal surface cleanliness and minimize fuming.

Drawing (Cold Work)

After annealing, bulk pickling, and pointing, rods and tubes are drawn (pulled) through a die to
produce a wide variety of shapes and sizes. The Lombard drawbench utilizes a hydraulic ram to
provide the force necessary to achieve the required product reduction. Products finished by this
process 