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operator may keep the record elsewhere
if the record is immediately accessible
from the mine site by electronic
transmission.

(2) Upon request from an authorized
representative of the Secretary of Labor,
the Secretary of Health and Human
Services, or from the authorized
representative of miners, mine operators
must promptly provide access to any
such training record. Whenever an
operator ceases to do business, that
operator must transfer the training
records, or a copy, to any successor
operator who must maintain them for
the required period.

§72.520 Diesel equipment inventory.

(a) The operator of each mine that
utilizes diesel equipment underground,
shall prepare and submit in writing to
the District Manager, an inventory of
diesel equipment used in the mine. The
inventory shall include the number and
type of diesel-powered units used
underground, including make and
model of unit, type of equipment, make
and model of engine, serial number of
engine, brake horsepower rating of
engine, emissions of engine in grams per
hour or grams per brake horsepower-
hour, approval number of engine, make
and model of aftertreatment device,
serial number of aftertreatment device if
available, and efficiency of
aftertreatment device.

(b) The mine operator shall make
changes to the diesel equipment
inventory as equipment or emission
control systems are added, deleted or
modified and submit revisions, to the
District Manager, within 7 calendar
days.

(c) If requested, the mine operator
shall provide a copy of the diesel
equipment inventory to the
representative of the miners within 3
days of the request.

[FR Doc. 01-995 Filed 1-18-01; 8:45 am]
BILLING CODE 4510-43—-P

DEPARTMENT OF LABOR

Mine Safety and Health Administration

30 CFR Part 57
RIN 1219-AB11

Diesel Particulate Matter Exposure of
Underground Metal and Nonmetal
Miners

AGENCY: Mine Safety and Health
Administration (MSHA), Labor.
ACTION: Final rule.

SUMMARY: This rule establishes new
health standards for underground metal

and nonmetal mines that use equipment
powered by diesel engines.

This rule is designed to reduce the
risks to underground metal and
nonmetal miners of serious health
hazards that are associated with
exposure to high concentrations of
diesel particulate matter (dpm). DPM is
a very small particle in diesel exhaust.
Underground miners are exposed to far
higher concentrations of this fine
particulate than any other group of
workers. The best available evidence
indicates that such high exposures put
these miners at excess risk of a variety
of adverse health effects, including lung
cancer.

The final rule for underground metal
and nonmetal mines would establish a
concentration limit for dpm, and require
mine operators to use engineering and
work practice controls to reduce dpm to
that limit. Underground metal and
nonmetal mine operators would also be
required to implement certain “‘best
practice” work controls similar to those
already required of underground coal
mine operators under MSHA’s 1996
diesel equipment rule. These operators
would also be required to train miners
about the hazards of dpm exposure.

By separate notice, MSHA has
published a rule to reduce dpm
exposures in underground coal mines.

DATES: The provisions of the final rule
are effective March 20, 2001. However,
§57.5060 (a) will not apply until July 19,
2002 and §57.5060 (b) will not apply
until January 19, 2006.

FOR FURTHER INFORMATION CONTACT:
David L. Meyer, Director, Office of
Standards, Regulations, and Variances,
MSHA, 4015 Wilson Boulevard,
Arlington, VA 22203-1984. Mr. Meyer
can be reached at dmeyer@msha.gov
(Internet E-mail), 703—235-1910 (voice),
or 703—-235-5551 (fax). You may obtain
copies of the final rule in alternative
formats by calling this number. The
alternative formats available are either a
large print version of the final rule or
the final rule in an electronic file on
computer disk. The final rule also is
available on the Internet at http://
www.msha.gov/REGSINFO.HTM.

SUPPLEMENTARY INFORMATION:
I. Overview of the Final Rule

This Part: (1) Summarizes the key
provisions of the final rule; and (2)
summarizes MSHA'’s responses to some
of the fundamental questions raised
during the rulemaking proceeding—the
need for the rule, the ability of the
agency to accurately measure diesel
particulate matter (dpm) in
underground metal and nonmetal mine
environments, and the feasibility of the

requirements for this sector of the
mining industry.

(1) Summary of Key Provisions of the
Final Rule

The final rule applies only to
underground areas of underground
metal and nonmetal mines.

The final rule requires operators: (A)
To observe a concentration limit where
miners normally work or travel by the
application of engineering controls,
with certain limited exceptions,
compliance with which will be
determined by MSHA sampling; (B) to
observe a set of best practices to
minimize dpm generation; (C) to limit
engines newly introduced underground
to those meeting basic emissions
standards; (D) to provide annual
training to miners on dpm hazards and
controls; and (E) to conduct sampling as
often as necessary to effectively evaluate
dpm concentrations at the mine. A list
of effective dates for the provisions of
the rule follows this summary.

(A) Observe a limit on the
concentration of dpm in all areas of an
underground metal or nonmetal mine
where miners work or travel, with
certain specific exceptions. The rule
would limit dpm concentrations to
which miners are exposed to about 200
micrograms per cubic meter of air—
expressed as 200ppm [g/m 3. However,
the rule expresses the limit so as to
reflect the measurement method MSHA
will be using for compliance purposes
to determine dpm concentrations. That
method is specified in the rule itself. As
discussed in detail in response to
Question 2, the method analyzes a dust
sample to determine the amount of total
carbon present. Total carbon comprises
80—-85% of the dpm emitted by diesel
engines. Accordingly, using the lower
boundary of 80%, a concentration limit
of 200ppm ng/m 3 can be achieved by
restricting total carbon to 160rtc pug/m3.
This is the way the standard is
expressed:

After January 19, 2006 any mine operator
covered by this part shall limit the
concentration of diesel particulate matter to
which miners are exposed in underground
areas of a mine by restricting the average
eight-hour equivalent full shift airborne
concentration of total carbon, where miners
normally work or travel, to 160 micrograms
per cubic meter of air (160rc pg/m3).

All underground metal and nonmetal
mines would be given a full five years
to meet this limit, which is referred to
in this preamble as the “final”
concentration limit. However, starting
July 19, 2002, underground metal and
nonmetal mines have to observe an
“interim” dpm concentration limit—
expressed as a restriction on the
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concentration of total carbon of 400
micrograms per cubic meter (400rc pg/
m3). The interim limit would bring the
concentration of whole dpm in
underground metal and nonmetal mines
to which miners are exposed down to
about 500 micrograms per cubic meter.
No limit at all on the concentration of
dpm is applicable for the first eighteen
months following promulgation.
Instead, this period would be used to
provide compliance assistance to the
metal and nonmetal mining community
to ensure it understands how to measure
and control diesel particulate matter
concentrations in individual operations.

In general, a mine operator has to use
engineering or work practice controls to
keep dpm concentrations below the
applicable limit. The use of
administrative controls (e.g., the
rotation of miners) is explicitly barred.
The use of personal protective
equipment (e.g., respirators) is also
explicitly barred except in two
situations noted below. An operator can
filter the emissions from diesel-powered
equipment, install cleaner-burning
engines, increase ventilation, improve
fleet management, or use a variety of
other readily available controls; the
selection of controls is left to the
operator’s discretion.

Special extension. The rule provides
that if an operator of a metal or
nonmetal mine can demonstrate that
there is no combination of controls that
can, due to technological constraints, be
implemented by January 19, 2006,
MSHA may approve an application for
an additional extension of time to
comply with the dpm concentration
limit. Such a special extension is
available only once, and is limited to 2
years. To obtain a special extension, an
operator must provide information in
the application adequate for MSHA to
ensure that the operator will: (a)
Maintain concentrations at the lowest
limit which is technologically
achievable; and (b) take appropriate
actions to minimize miner exposure
(e.g., provide suitable respiratory
protection during the extension period).

It is MSHA'’s intent that primary
responsibility for analysis of the
operator’s application for a special
extension will rest with MSHA'’s district
managers. District managers are the
most familiar with the conditions of
mines in their districts, and have the
best opportunity to consult with miners
as well. At the same time, MSHA
recognizes that district managers may
need assistance with respect to the latest
technologies and solutions being used
in similar mines elsewhere in the
country. Accordingly, the Agency
intends to establish within its Technical

Support directorate in Arlington, Va., a
special panel to consult on these issues,
to provide assistance to district
managers, and to give final approval of
any application for a special extension.

Special rule for employees engaged in
inspection, maintenance or repair
activities. The final rule provides that
with the advance approval of the
Secretary, employees engaged in such
activities may work in concentrations of
dpm exceeding the applicable
concentration limit. However, the
Secretary may only approve such work
under three circumstances: when the
activities are to be conducted are in
areas where miners work or travel
infrequently or for brief periods of time;
when the miners work exclusively
inside enclosed and environmentally
controlled cabs, booths and similar
structures with filtered breathing air; or
when the miners work in shafts,
inclines, slopes, adits, tunnels and
similar workings that are designated as
return or exhaust air courses and that
are used for access into the mine or
egress from the mine. Moreover, to
approve such an exception, the
Secretary must determine that it is not
feasible to reduce the concentration of
dpm in these areas, and that adequate
safeguards (including personal
protective equipment) will be employed
to minimize the dpm exposure of the
miners involved.

An operator plan providing such
details must be submitted; it is MSHA’s
intent to review these in the same
manner as applications for a special
extension. Such plans can only be
approved for one year, but may be
resubmitted each year.

Compliance determinations with
concentration limit. Measurements to
determine noncompliance with the dpm
concentration limit will be made
directly by MSHA, rather than having
the Agency rely upon operator samples.
Under the rule, a single Agency sample,
using the sampling and analytical
method prescribed by the rule, is
explicitly deemed adequate to establish
a violation.

The rule requires that if an
underground metal or nonmetal mine
exceeds the applicable limit on the
concentration of dpm, a diesel
particulate matter control plan must be
established and remain in effect for 3
years. The purpose of such plans is to
ensure that the mine has instituted
practices that will demonstrably control
dpm levels thereafter. Reflecting current
practices in this sector, the plan does
not have to be preapproved by MSHA.
The plan must include information
about the diesel-powered equipment in
the mine and applicable controls. The

rule requires operator sampling to verify
that the plan is effective in bringing
dpm levels down below the applicable
limit, using the same sampling and
analytical methods as MSHA, with the
records kept at the mine site with the
plan to facilitate review. Failure of an
operator to comply with the
requirements of the dpm control plan or
to conduct adequate verification
sampling is a violation of the rule;
MSHA is not be required to sample to
establish such a violation.

(B) Observe best practices. The rule
requires that operators observe the
following best practices to minimize the
dpm generated by diesel-powered
equipment in underground areas:

¢ Only low-sulfur (0.05% or less)
diesel fuel may be used. The rule does
not at this time require the use of ultra-
low sulfur fuel by the mining
community. MSHA is aware that the
Environmental Protection Agency
issued final regulations addressing
emissions standards (December 2000)
for new model year 2007 heavy-duty
diesel engines and the low-sulfur fuel
rule. The regulations require ultra-low
sulfur fuel be phased in during 2006—
2010.

¢ Only EPA-approved fuel additives
may be used.

e Approved diesel engines have to be
maintained in approved condition; the
emission related components of non-
approved engines have to be maintained
in accordance with manufacturer
specifications; and any installed
emission devices have to be maintained
in effective operating condition.

e Equipment operators are authorized
and required to tag equipment with
potential emissions-related problems,
and tagged equipment has to be
promptly referred for a maintenance
check by persons qualified by virtue of
training or experience to perform the
maintenance.

(C) Limit newly introduced engines to
those meeting basic emission standards.
The rule requires that, with the
exception of diesel engines used in
ambulances and fire-fighting equipment,
any diesel engines added to the fleet of
an underground metal or nonmetal mine
after January 19, 2001 must either be an
engine approved by MSHA under Part 7
or Part 36, or an engine meeting certain
EPA requirements on particulate matter
specified in the rule. Since not all
engines are MSHA approved, this
ensures a wide variety of choice in
meeting the engine requirements of this
rule.

(D) Provide annual training to miners
on dpm hazards and controls. Mines
using diesel-powered equipment must
annually train miners exposed to dpm
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in the hazards associated with that
exposure, and in the controls being used
by the operator to limit dpm
concentrations. An operator may
propose including this training in the
Part 48 training plan.

(E) Conduct sampling as often as
necessary to effectively evaluate dpm
concentrations at the mine. The purpose
of this requirement is to assure that
operators are familiar with current dpm
concentrations so as to be able to protect
miners. Since mine conditions vary,
MSHA is not requiring a specific
schedule for operator sampling, nor a
specific sampling method. The Agency
will evaluate compliance with this
sampling obligation by reviewing
evidence of operator compliance with
the concentration limit, as well as
information retained by operators about
their sampling. Consistent with the
statute, the rule requires that miners and
their representatives have the right to
observe any operator monitoring—
including any sampling required to
verify the effectiveness of a dpm control
plan.

Summary of Effective Dates. As of
March 20, 2001, operators must comply
with the requirement that new engines
added to a mine’s inventory be either
MSHA approved or meet the listed EPA
standards.

As of March 20, 2001, underground
metal and nonmetal mine operators
must comply with the requirement to
provide basic hazard training to miners
who are exposed underground to dpm
and the best practice requirements listed
above under (B).

As of July 19, 2002, underground
metal and nonmetal mine operators
must also comply with the interim dpm
concentration limit of 400 micrograms
of total carbon per cubic meter of air.

Finally, as of January 19, 2006, all
underground metal and nonmetal mines
have to comply with a final dpm
concentration limit.

MSHA intends to provide
considerable technical assistance and
guidance to the mining community
before the various requirements go into
effect, and be sure MSHA personnel are
fully trained in the requirements of the
rule. A number of actions have already
been taken toward this end. The Agency
held workshops on this topic in 1995
which provided the mining community
an opportunity to share advice on how
to control dpm concentrations. The
Agency has published a “toolbox” of
methods available to mining operators
to achieve reductions in dpm
concentration, often referred to during
the rulemaking proceedings. MSHA also
developed a computer spreadsheet
template which allows an operator to

model the application of alternative
engineering controls to reduce dpm,
which it has published in the literature
and disseminated to the mining
community. The Agency is committed
to issuing a compliance guide for mine
operators providing additional advice
on implementing the rule.

A note on surface mines. Surface
areas of underground mines, and surface
mines, are not covered by this rule. In
certain situations the concentrations of
dpm at surface mines may be a cause for
concern: e.g., production areas where
miners work in the open air in close
proximity to loader-haulers and trucks
powered by older, out-of-tune diesel
engines, shops, or other confined spaces
where diesel engines are running. The
Agency believes, however, that these
problems are currently limited and
readily controlled through education
and technical assistance. The Agency
would like to emphasize, however, that
surface miners are entitled to the same
level of protection as other miners; and
the Agency’s risk assessment indicates
that even short-term exposures to
concentrations of dpm like those
observed may result in serious health
problems. Accordingly, in addition to
providing education and technical
assistance to surface mines, the Agency
will also continue to evaluate the
hazards of diesel particulate exposure at
surface mines and will take any
necessary action, including regulatory
action if warranted, to help the mining
community minimize any hazards.

(2) Summary of MSHA’s Responses to
Several Fundamental Questions About
This Rule

During the rulemaking proceeding,
the mining community raised some
fundamental questions about: (A) The
need for the rule; (B) the ability of the
agency to accurately measure diesel
particulate matter (dpm) in
underground metal and nonmetal mine
environments; and (C) the feasibility of
the requirements for this sector of the
mining industry. MSHA gave serious
considerations to these questions, has
made some adjustments in the final rule
and its economic assessment as a result
thereof, and has provided detailed
responses in this preamble. These
responses are briefly summarized here.

(A) The need for the rule. MSHA has
to act in accordance with the
requirements of the Mine Safety and
Health Act. Section 101(a)(6)(A) of the
Act specifies that any health standard
must:

* * * [A]ldequately assure, on the basis of
the best available evidence, that no miner

will suffer material impairment of health or
functional capacity even if such miner has

regular exposure to the hazards dealt with by
such standard for the period of his working
life.

The Mine Act also specifies that the
Secretary of Labor (Secretary), in
promulgating mandatory standards
pertaining to toxic materials or harmful
physical agents, base such standards
upon:

* * * [R]esearch, demonstrations,
experiments, and such other information as
may be appropriate. In addition to the
attainment of the highest degree of health
and safety protection for the miner, other
considerations shall be the latest available
scientific data in the field, the feasibility of
the standards, and experience gained under
this and other health and safety laws.
Whenever practicable, the mandatory health
or safety standard promulgated shall be
expressed in terms of objective criteria and

of the performance desired. [Section
101(a)(6)(A)].

Thus, the Mine Act requires that the
Secretary, in promulgating a standard,
based on the best available evidence,
attain the highest degree of health and
safety protection for the miner with
feasibility a consideration. (More
information about what constitutes
“feasibility” is discussed below in item
Q).
In proposing this rule, MSHA sought
comment on its risk assessment, which
it published in full as part of the
preamble to the proposed rule. In that
risk assessment, the agency carefully
laid out the evidence available to it,
including shortcomings inherent in that
evidence. Although not required to do
so by law, MSHA had this risk
assessment independently peer
reviewed, and incorporated the
reviewers recommendations. The
reviewers stated that:

* * * principles for identifying evidence

and characterizing risk are thoughtfully set
out. The scope of the document is carefully
described, addressing potential concerns
about the scope of coverage. Reference
citations are adequate and up to date. The
document is written in a balanced fashion,
addressing uncertainties and asking for
additional information and comments as
appropriate. (Samet and Burke, Nov. 1997).

Based on the information in that risk
assessment, the agency made some
tentative conclusions. First, its tentative
conclusion that miners are exposed to
far higher concentrations of dpm than
anybody else. The agency noted that
median concentrations of dpm had been
observed in individual dieselized metal
and nonmetal underground mines up to
180 times as high as average
environmental exposures in the most
heavily polluted urban areas and up to
8 times as high as median exposures
estimated for the most heavily exposed
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workers in other occupational groups.
Moreover, MSHA noted its tentative
conclusion that exposure to high
concentrations of dpm can result in a
variety of serious health effects. These
health effects include: (i) Sensory
irritations and respiratory symptoms
serious enough to distract or disable
miners; (ii) premature death from
cardiovascular, cardiopulmonary, or
respiratory causes; and (iii) lung cancer.
After a review of all the evidence,
MSHA tentatively concluded that:

(1) The best available evidence is that
the health effects associated with
exposure to dpm can materially impair
miner health or functional capacity.

(2) At levels of exposure currently
observed in underground mining, many
miners are presently at significant risk
of incurring these material impairments
over a working lifetime.

(3) The reduction in dpm exposures
that is expected to result from
implementation of the rule proposed by
the agency for underground metal and
nonmetal mines would substantially
reduce the significant risks currently
faced by underground metal and
nonmetal miners exposed to dpm.

During the hearings and in written
comments, some representatives of the
mining industry raised a number of
objections to parts of MSHA’s proposed
risk assessment, thus questioning the
scientific basis for this rulemaking. It
has been asserted that MSHA'’s
observations of dpm concentrations in
underground metal and nonmetal mines
do not accurately represent exposures in
the industry. It has been asserted that if
dpm concentrations are not this high in
general, or only on an intermittent basis,
then the agency is incorrect in
determining that the conditions in these
mines put miners at significant risk of
material impairment of their health.
Moreover it has been asserted that there
is insufficient evidence to establish a
causal connection between dpm
exposure and significant adverse health
effects, that the agency has no hard
evidence that reducing exposures to a
particular level will in fact reduce the
risks, and that it has no rational basis for
selecting the concentration limit it did.
In addition, it has been asserted that the
risks of dpm exposure at any level are
not well enough established to provide
the basis for regulation at this time, and
that action should be postponed
pending the completion of various
studies now underway that might shed
more light on these risks.

MSHA has carefully evaluated all of
these comments, and the evidence
submitted in support of these positions.
The agency’s risk assessment has been
modified as a result.

Exposures of underground metal and
nonmetal miners. MSHA has clarified
the charts of exposure measurements in
Part III of this preamble to ensure that
they fully reflect all studies in the
record.

MSHA has not and does not claim
that the actual exposure measurements
in the record are a random or fully
representative sample of the industry.
What they do show is that exposures far
higher than those which have been
observed in other industries can and do
occur in an underground mining
environment.

Moreover, MSHA also placed into the
record of the proposed rule several
studies it had recently conducted in
which dpm concentrations for several
underground metal and nonmetal mines
were estimated based upon the actual
equipment and dpm controls currently
available in those mines. Those
simulations were performed using a
software tool known as the Estimator
(described in detail in an appendix to
Part V of the preamble of the proposed
rule, and since published in the
literature (Haney and Saseen, April
2000). These studies of specific mines
demonstrated that the type of
equipment found in such mines, even
after the application of current
ventilation and controls, can be
expected to produce localized high
concentrations of dpm. The agency
acknowledged that these simulations
were conducted in mines that were not
typical for the industry (they were
chosen because the agency thought dpm
concentrations might be particularly
difficult to control in these mines,
which turned out not to be the case);
nevertheless, they indicate what is
likely to be the case in at least some
sections of many underground metal
and nonmetal mines. To the extent that
an individual mine has no covered
mining areas with concentrations higher
than those observed in other industries,
it will not be impacted by the
concentration limit established through
this rulemaking. That is because the rule
does not eliminate exposures, or even to
reduce them to a safe level, but only to
reduce them to the levels observed in
other industries.

The nature of risks associated with
dpm exposure. Although there were
some commenters who suggested that
symptoms reported by miners working
around diesel equipment might be due
to the gases present rather than dpm,
there was nothing in the comments that
changed MSHA'’s conclusions about the
health problems associated with dpm
exposure.

There are a number of studies
quantifying significant adverse health

effects—as measured by lost work days,
hospitalization and increased mortality
rates—suffered by the general public
when exposed to concentrations of fine
particulate matter like dpm far lower
than concentrations to which some
miners are exposed. The evidence from
these fine particulate studies was the
basis for recent rulemaking by the
Environmental Protection Agency ! to
further restrict the exposure of the
general public to fine particulates, and
the evidence was given very widespread
and close scrutiny before that action
was made final. Of particular interest to
the mining community is that these fine
particulate studies indicate that smokers
and those who have pre-existing
pulmonary problems are particularly at
risk. Many individual miners in fact
have such pulmonary problems and are
especially susceptible to the adverse
health effects of inhaling fine particles.

Although no epidemiological study is
flawless, numerous epidemiological
studies have shown that long term
exposure to diesel exhaust in a variety
of occupational circumstances is
associated with an increased risk of lung
cancer. With only rare exceptions,
involving relatively few workers and/or
observation periods too short to reliably
detect excess cancer risk, the human
studies have consistently shown a
greater risk of lung cancer among
workers exposed to dpm than among
comparable unexposed workers. When
results from the human studies are
combined, the risk is estimated to be
30—40 percent greater among exposed
workers, if all other factors (such as
smoking habits) are held constant. The
consistency of the human study results,
supported by experimental data
establishing the plausibility of a causal
connection, provides strong evidence
that chronic dpm exposure at high
levels significantly increases the risk of
lung cancer in humans.

Moreover, all of the occupational
studies indicating an increased
frequency of lung cancer among workers
exposed to dpm involved exposure
levels estimated, on average, to be far
below levels observed in underground
mines. Except for miners, the workers

1The basis for the PM> s NAAQS was a large body
of scientific data indicating that particles in this
size range are responsible for the most serious
health effects associated with particulate matter.
The evidence was thoroughly reviewed by a
number of scientific panels through an extended
process. The proposed rule resulted in considerable
public attention, and hearings by Congress, in
which the scientific evidence was further
discussed. Moreover, challenges to the EPA’s
determination that this size category warranted
rulemaking were rejected by a three-judge panel of
the DC Circuit Court. (ATA v. EPA, 175 F.3d 1027,
D.C. Circuit 1999).
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included in these studies were exposed
to average dpm levels below the limit
established by this rule.

As noted in Part III, MSHA views
extrapolations from animal experiments
as subordinate to results obtained from
human studies. However, it is
noteworthy that dpm exposure levels
recorded in some underground mines
have been of the same order of
magnitude that produced tumors in rats.

Based on the scientific data available
in 1988, the National Institute for
Occupational Safety and Health
(NIOSH) identified dpm as a probable or
potential human carcinogen and
recommended that it be controlled.
Other organizations have made similar
recommendations. Most recently, the
National Toxicology Program listed dpm
as ‘“reasonably anticipated to be a
human carcinogen” in the Ninth Edition
(Year 2000) of the National Report on
Carcinogens.

The relationship between exposures
and risks. Commenters noted MSHA'’s
caution about trying to define a
quantitative relationship between dpm
exposure and particular health
outcomes. They roundly attacked the
agency’s benefit analysis and a NIOSH
paper reviewing quantification efforts as
implying that such a relationship could
be established in a valid way.

As MSHA acknowledged in the
preamble to the proposed rule, the
scientific community has not yet widely
accepted any exposure-response
relationship between the amount of
dpm exposure and the likelihood of
adverse health outcomes (63FR 58167).
There are, however, two lung cancer
studies in the record that show
increasing risk of lung cancer with
increasing levels of dpm exposure.
Quantitative results from these studies,
both conducted specifically on
underground miners, can be used to
estimate the reduction in lung cancer
risk expected when dpm exposure is
reduced in accordance with this rule.
Depending on the study and method of
statistical analysis used, these estimates
range from 68 to 620 lung cancer deaths
prevented, over an initial 65-year
period, per 1000 affected miners with
lifetime (45-year) exposure to dpm.

NIOSH and the National Cancer
Institute (NCI) are collaborating on a
cancer mortality study designed to
provide additional information in this
regard. The study is projected to take
about seven years.

Notwithstanding this situation,
MSHA believes the Agency is required
under its statute to take action now to
protect miners’ health. As noted by the
Supreme Court in an important case on
risk involving the Occupational Safety

and Health Administration, the need to
evaluate risk does not mean an agency
is placed into a “‘mathematical
straightjacket.” Industrial Union
Department, AFL-CIO v. American
Petroleum Institute, 448 U.S. 607, 100
S.Ct. 2844 (1980). The Court noted that
when regulating on the edge of scientific
knowledge, absolute scientific certainty
may not be possible, and:

so long as they are supported by a body of
reputable scientific thought, the Agency is
free to use conservative assumptions in
interpreting the data * * * risking error on
the side of overprotection rather than
underprotection. (Id. at 656).

This advice has special significance for
the mining community, because a
singular historical factor behind the
enactment of the current Mine Act was
the slowness of the mining community
in coming to grips with the harmful
effects of other respirable dust (coal
dust).

It is worth noting that while the
cohort selected for the NIOSH/NCI
study consists of underground miners
(specifically, underground metal and
nonmetal miners), this choice is in no
way linked to MSHA'’s regulatory
framework or to miners in particular.
This cohort was selected for the study
because it provides the best population
for scientists to study. For example, one
part of the study would compare the
health experiences of miners who have
worked underground in mines with long
histories of diesel use with the health
experiences of similar miners who work
in surface areas where exposure is
significantly lower. Since the general
health of these two groups is very
similar, this will help researchers to
quantify the impacts of diesel exposure.
No other population is likely to be as
easy to study for this purpose. But as
with any such epidemiological study,
the insights gained are not limited to the
specific population used in the study.
Rather, the study will provide
information about the relationship
between exposure and health effects
that will be useful in assessing the risks
to any group of workers in a dieselized
industry.

Because of the lack of a generally
accepted dose-response relationship,
some commenters questioned the
agency’s rationale in picking a
particular concentration limit: 160tc pug/
m3 or around 200ppm [g/m3. Capping
dpm concentrations at this level will
eliminate the worst mining exposures,
and bring miner exposures down to a
level commensurate with those reported
for other groups of workers who use
diesel-powered equipment. The
proposed rule would not bring

concentrations down as far as the
proposed ACGIH TLVR of 150ppm Ug/
m3. Nor does MSHA'’s risk assessment
suggest that the proposed rule would
completely eliminate the significant
risks to miners of dpm exposure.

In setting the concentration limit at
this particular value, the Agency is
acting in accord with its statutory
obligation to attain the highest degree of
safety and health protection for miners
that is feasible. The Agency’s risk
assessment supports reduction of dpm
to the lowest level possible. But
feasibility considerations dictated
proposing a concentration limit that
does not completely eliminate the
significant risks that dpm exposure
poses to miners.

The Agency specifically explored the
implications of requiring mines in this
sector to comply with a lower
concentration limit than that being
adopted. The results, discussed in Part
V of this preamble, indicate that
although the matter is not free from
question, it still may not be feasible at
this time for the underground metal and
nonmetal mining industry as a whole to
comply with a significantly lower limit
than that being adopted. The Agency
notes that since this rulemaking was
initiated, the efficiency of hot gas filters
has improved significantly, the dpm
emissions from new engines continue to
decline under EPA requirements, and
the availability of ultra-low sulfur fuel
should make controls even more
efficient than at present.

The agency also explored the idea of
bridging the gap between risk and
feasibility by establishing an “action
level”. In the case of MSHA’s noise rule,
for example, MSHA adopted a
“permissible exposure level” of a time-
weighted 8-hour average (TWAg) of 90
dBA (decibels, A-weighted), and an
“action level” of half that amount—a
TWAs of 85 dBA. In that case, MSHA
determined that miners are at significant
risk of material harm at a TWAg of 85
dBA, but technological and feasibility
considerations preclude the industry as
a whole, at this time, below a TWAg of
90 dBA. Accordingly, to limit miner
exposure to noise at or above a TWAg
of 85 dBA, MSHA requires that mine
operators must take certain actions that
are feasible (e.g., provide hearing
protectors).

MSHA considered the establishment
of a similar ““action level” for dpm—
probably at half the proposed
concentration limit, or 80rc pug/m3.
Under such an approach, mine
operators whose dpm concentrations are
above the “action level” would be
required to implement a series of “‘best
practices”—e.g., limits on fuel types,
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idling, and engine maintenance. Only
one commenter supported the creation
of an Action Level for dpm. However,
this commenter suggested that such an
Action Level be adopted in lieu of a rule
incorporating a concentration limit
requiring mandatory compliance. The
agency determined it is feasible for the
entire underground mining community
to implement these best practices to
minimize the risks of dpm exposure
without the need for a trigger at an
Action Level.

Some of the comments suggesting that
the agency had no rational basis for
setting the exposure limit at 160rc pg/
m3 seem to suggest that the statute itself
does not provide the Agency with
adequate guidance in this regard. The
Agency recognizes that the Supreme
Court has scheduled argument on a case
that raises the question of how specific
a regulatory statute must be with respect
to how an agency must make standards
determinations in order to be deemed a
constitutional delegation of authority
from the Congress. A decision is not
expected until 2001. However, unless
and until determined otherwise, MSHA
presumes the Mine Act does pass
constitutional muster in this regard,
consistent with the existing case law
concerning the very similar
Occupational Safety and Health Act.

(B) The ability of the agency to
accurately measure diesel particulate
matter (dpm) in underground metal and
nonmetal mine environments. As MSHA
noted in the preamble to the proposed
rule, there are a number of methods
which can measure dpm concentrations
with reasonable accuracy when it is at
high concentrations and when the
purpose is exposure assessment.
Measurements for the purpose of
compliance determinations must be
more accurate, especially if they are to
measure compliance with a dpm
concentration of 200ppm pg/m3 or lower.
Accordingly, MSHA noted that it
needed to address a number of
questions as to whether such any
existing method could produce
accurate, reliable and reproducible
results in the full variety of
underground mines, and whether the
infrastructure (samplers and
laboratories) existed to support such
determinations. (See 63 FR 58127 et
seq.).
MSHA concluded that there was no
method suitable for such compliance
measurements in underground coal

mines, due to the inability of the
available methods to distinguish
between dpm and coal dust.
Accordingly, the agency developed a
rule for the coal mining sector that does
not depend upon ambient dpm
measurements.

By contrast, the agency tentatively
concluded that by using a sampler
developed by the Bureau of Mines, and
an analytical method developed by the
National Institute for Occupational
Safety and Health (NIOSH) to detect the
total amount of carbon in a sample,
MSHA could accurately measure dpm
levels at the required concentrations in
underground metal and nonmetal
mines. While not requiring operators to
use this method for their own sampling,
MSHA did commit itself through
provisions of the proposed rule to use
this approach (or a method
subsequently determined by NIOSH to
provide equal or improved accuracy) for
its own sampling. Moreover the agency
proposed that MSHA sampling be the
sole basis upon which determinations
would be made of compliance by metal
and nonmetal mine operators with
applicable compliance limits, and that a
single sample would be adequate for
such purposes. Specifically, proposed
§57.5061 provided as follows:

§57.5061

(a) A single sample collected and analyzed
by the Secretary in accordance with the
procedure set forth in paragraph (b) of this
section shall be an adequate basis for a
determination of noncompliance with an
applicable limit on the concentration of
diesel particulate matter pursuant to
§57.5060.

(b) The Secretary will collect and analyze
samples of diesel particulate matter by using
the method described in NIOSH Analytical
Method 5040 and determining the amount of
total carbon, or by using any method
subsequently determined by NIOSH to
provide equal or improved accuracy in mines
subject to this part.

This part of MSHA'’s proposed rule
received considerable comment. Some
commenters challenged the accuracy,
precision and sensitivity of NIOSH
Analytical Method 5040. Some
challenged whether the amount of total
carbon determined by the method is a
reliable way to determine the amount of
dpm. Others questioned whether the
sampler developed by the Bureau of
Mines would provide an accurate
sample to be analyzed, and whether
such samplers and analytical
procedures would be commercially

Compliance Determinations

available. Commenters also questioned
the use of a single sample as the basis
for a compliance determination, and the
use of area sampling in compliance
determinations. These comments are
addressed elsewhere in this preamble
(section 3 of Part II, and in connection
with section 5061 in Part IV).

Here, MSHA summarizes its views on
the most common assertion made by
commenters: that the sampling and
analytical methods the agency proposed
to use are not able to distinguish
between dpm and various other
substances in the atmosphere of
underground metal and nonmetal
mines—carbonates and carbonaceous
minerals, graphitic materials, oil mists
and organic vapors, and cigarette smoke.

Interferences: what MSHA said in
preamble to proposed rule. In the
preamble to the proposed rule, MSHA
recognized that there might be some
interferences from other common
organic carbon sources in underground
metal and nonmetal mines: specifically,
oil mists and cigarette smoke. The
agency noted it had no data on oil mists,
but had not encountered the problem in
its own sampling. With respect to
cigarette smoke, the agency noted that:
“Cigarette smoke is under the control of
operators, during sampling times in
particular, and hence should not be a
consideration.” (63FR 58129)

The agency also discussed the
potential advantages and disadvantages
of using a special device on the
sampler—a submicron impactor—to
eliminate certain other possible
interferences (See Figure I-1). The
submicron impactor stops particles
larger than a micron from being
collected by the sampler, while allowing
the smaller dpm to be collected. Thus,
an advantage of using the impactor
would be to ensure that the sampler was
not inadvertently collecting materials
other than dpm. However MSHA
pointed out that while samples in
underground metal and nonmetal mines
could be taken with a submicrometer
impactor, this could lead to
underestimating the total amount of
dpm present (63FR 58129). This is
because the fraction of dpm particles
greater than 1 micron in size in the
environment of noncoal mines can be as
great as 20% (Vuk, Jones, and Johnson,
1976).

BILLING CODE 4510-43-P
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Interferences: comments and MSHA
efforts to verify. Many commenters
asserted that no matter how it is
performed in underground metal and
nonmetal mines, the sampling and
analysis proposed by MSHA to
determine the amount of diesel
particulate present would suffer from
one or more of the aforementioned
interferences. A number asserted that
their own measurements using this
approach provided clear evidence of
such interferences. Although MSHA
repeatedly asked for actual data and
information about the procedures used
to verify these assertions, very little was
provided. Nevertheless, rather than
conclude that these assertions were
baseless, MSHA decided to attempt to
verify these assertions itself.
Accordingly, appropriate field and
laboratory measurements were
conducted toward this end, the results
written up in appropriate fashion, and
added to the record of this rulemaking.
The agency has taken those results into
account in ascertaining what weight to
give to the assertions made by
commenters and how to deal with those
assertions supported by its
measurements.

As described in detail in section 3 of
Part II, MSHA's verifications
demonstrate that the submicron
impactor can eliminate any
interferences from carbonates,
carbonaceous minerals, and graphitic
ores. Accordingly, although use of the
impactor will result in an undercount of
dpm, the final rule provides that MSHA

will always use the submicron impactor
in compliance sampling.

MSHA'’s verifications also
demonstrated that oil mists as well as
cigarette smoke, can in fact, under
certain circumstances, create
interferences even with the use of the
impactor. MSHA presumes the same
would happen with organic vapors. The
verifications demonstrated that the
problems occur in the immediate
vicinity of the interferent (e.g., close to
a drill or smoker). However, the
verifications also demonstrated that the
interference dissipates when the
sampling device is located a certain
distance away from the interferent.

Accordingly, as detailed in the
discussion of section 5061 in Part IV of
this preamble, MSHA’s sampling
strategy for dpm will take these
problems into account. For example, if
a miner works in an enclosed cab all
day and smokes, MSHA will not place
a sampler in that cab or on that miner.
If a miner works part of a day drilling,
MSHA will not place a sampler on that
miner. But MSHA can, for example, take
an area sample in an area of a mine
where drilling is being performed
without concern about interferences
from oil mists if it locates the sampler
far enough away from the drill. MSHA’s
compliance manual will provide
specific instructions to inspectors on
how to avoid interferences.

The organic interferences (diesel mist,
smoking) could be avoided by only
analyzing a sample for elemental
carbon, pursuant to the NIOSH method.
As it indicated in the preamble to the

proposed rule, however, MSHA does
not at this time know the ratio between
the amount of elemental carbon and the
amount of dpm. Accordingly, rather
than deal with the uncertainties in all
samples which this approach would
present, MSHA is going to use a method
(i.e., sampling and analyzing for both
organic carbon and elemental carbon)
that, if properly applied, provides
accurate results.

(C) The feasibility of the requirements
for this sector of the mining industry.
The Mine Act generally requires MSHA
to set the standard that is most
protective of miner health while still
being technologically and economically
feasible. In addition, consistent with the
Regulatory Flexibility Act, the agency
pays particular attention to the impact
of any standard on small mining
operations.

(1) Technological feasibility of the
rule. It has been clear since the
beginning of this rulemaking that if
technological feasibility was an issue, it
would be in the context of requiring all
underground metal and nonmetal mines
to meet a particular limit. While the
Mine Act does not require that each
mine be able to meet a standard for it
to be considered technologically
feasible—only that the standard be
feasible for the industry as a whole—the
extent to which various mines might
have a problem complying is the
evidence upon which this conclusion
must be based.

Accordingly, MSHA evaluated the
technological feasibility of the
concentration limit in the underground
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metal and nonmetal sector by evaluating
whether it was possible, using a
combination of existing control
approaches, to reach the concentration
limit even in situations in which the
Agency’s engineers determined that
compliance might be the most difficult.
In this regard, the Agency examined
how emissions generated by the actual
equipment in four different
underground mining operations could
be controlled. The mines were very
diverse—an underground limestone
mine, an underground (and underwater)
salt mine, and an underground gold
mine. Yet in each case, the analysis
revealed that there are available
combinations of controls that can bring
dpm concentrations down to well below
the final limit—even when the controls
that needed to be purchased were not as
extensive as those which the Agency is
assuming will be needed in determining
the costs of the final rule. (The results
of these analyses are discussed in Part
V of the preamble, together with the
methodology used in modeling the
results—just as they were discussed in
the preamble accompanying the
proposed rule.) As a result of these
studies, the Agency has concluded that
there are engineering and work practice
controls available to bring dpm
concentrations in all underground metal
and nonmetal mines down to the
required levels.

The best actions for an individual
operator to take to come into
compliance with the interim and final
concentration limits will depend upon
an analysis of the unique conditions at
the mine. The final rule provides 18
months after it is promulgated for
MSHA to provide technical assistance to
individual mine operators. It also gives
all mine operators in this sector an
additional three and a half years to bring
dpm concentrations down to the
proposed final concentration limit—
using an interim concentration limit
during this time which the Agency is
confident every mine in this sector can
timely meet. And the rule provides an
opportunity for a special extension for
an additional two years for mines that
have unique technological problems
meeting the final concentration limit.

As noted during 1995 workshops co-
sponsored by MSHA on methods for
controlling diesel particulate, many
underground metal and nonmetal mine
operators have already successfully
determined how to reduce diesel
particulate concentrations in their
mines. MSHA has disseminated the
ideas discussed at these workshops to
the entire mining community in a
publication, “Practical Ways to Control
Exposure to Diesel Exhaust in Mining—

a Toolbox”. The control methods are
divided into eight categories: use of low
emission engines; use of low sulfur fuel;
use of aftertreatment devices; use of
ventilation; use of enclosed cabs; diesel
engine maintenance; work practices and
training; fleet management; and
respiratory protective equipment.
Moreover, MSHA designed a model in
the form of a computer spreadsheet that
can be used to simulate the effects of
various controls on dpm concentrations.
(This model is discussed in Part V of the
preamble.) This makes it possible for
individual underground mine operators
to evaluate the impact on diesel
particulate levels of various
combinations of control methods, prior
to making any investments, so each can
select the most feasible approach for his
or her mine.

(2) Economic Feasability of the Rule.
The underground metal and nonmetal
industry uses a lot of diesel-powered
equipment, and it is widely distributed.
Accordingly, MSHA recognizes that the
costs of bringing mines into compliance
with this rule will be widely felt in this
sector (although, unlike underground
coal mines, this sector did not have to
comply with MSHA’s 1996 diesel
equipment rule).

In summary, the costs per year to the
underground metal and nonmetal
industry are about $25.1 million. The
cost for an average underground metal
and nonmetal mine is expected to be
about $128,000 annually.

The Agency’s initial cost estimates of
$19.2 million a year were challenged
during the rulemaking proceeding. As a
result, the Agency reconsidered the
costs.

In its initial estimate of the costs for
the industry to comply with the
concentration limit, MSHA assumed
that a variety of engineering controls,
such as low emission engines, ceramic
filters, oxidation catalytic converters,
and cabs would be needed on diesel
powered equipment. Most of the
engineering controls would be needed
on diesel equipment used for
production, while a small amount of
diesel equipment that is used for
support purposes would need
engineering controls. In addition to
these controls, MSHA assumed that
some underground metal and nonmetal
mines would need to make ventilation
changes in order to meet the proposed
concentration limits.

Specifically, in the PREA, MSHA
assumed that: (1) the interim standard
would be met by replacing engines,
installing oxidation catalytic converters,
and improving ventilation; and (2) the
final standard would be met by adding
cabs and filters. Comments on the PREA

and data collected by the Agency since
publication of the proposed rule
indicate that engine replacement is
more expensive than originally thought
and filters are more effective relative to
engine replacement. The revised
compliance strategy, upon which MSHA
bases its revised estimates of
compliance costs, reverses the two most
widely used measures. MSHA now
anticipates that: (1) the interim standard
will be met with filters, cabs, and
ventilation; and (2) the final standard
will be met with more filters,
ventilation, and such turnover in
equipment and engines as will have
occurred in the baseline. This new
approach uses the same toolbox and
optimization strategy that was used in
the PREA. Since relative costs are
different, however, the tools used and
cost estimated are different.

(3) Impact on small mines. As
required by the Regulatory Flexibility
Act, MSHA has performed a review of
the effects of the proposed rule on
“small entities”.

The Small Business Administration
generally considers a small mining
entity to be one with less than 500
employees. MSHA has traditionally
defined a small mine to be one with less
than 20 miners, and has focused special
attention on the problems experienced
by such mines in implementing safety
and health rules. Accordingly, MSHA
has separately analyzed the impact of
the rule on three categories of mines:
large mines (more than 500 employees),
middle size mines (20-500 employees),
and small mines (those with less than
20 miners).

As required by law, MSHA has also
developed a preliminary and final
regulatory flexibility analysis. The
Agency published its preliminary
Regulatory Flexibility Analysis with its
proposed rule and specifically requested
comments thereon; the agency’s final
Regulatory Flexibility Analysis is
included in the Agency’s REA. In
addition to a succinct statement of the
objectives of the rule and other
information required by the Regulatory
Flexibility Act, the analysis reviews
alternatives considered by the Agency
with an eye toward the nature of small
business entities.

In promulgating standards, MSHA is
required to protect the health and safety
of all the Nation’s miners and may not
include provisions that provide less
protection for miners in small mines
than for those in larger mines. But
MSHA does consider the impact of its
standards on even the smallest mines
when it evaluates the feasibility of
various alternatives. For example, a
major reason why MSHA concluded it
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needed to stagger the effective dates of
some of the requirements in the rule is
to ensure that it would be feasible for
the smallest mines to have adequate
time to come into compliance.

MSHA recognizes that smaller mines
may need particular assistance from the
agency in coming into compliance with
this standard. Before the dpm
concentration goes into effect in 18
months, the Agency plans to provide
extensive compliance assistance to the
mining community. The metal and
nonmetal community will also have an
additional three and a half years to
comply with the final concentration
limit, which in many cases means these
mines may have a full five years of
technical assistance before any
engineering controls are required.
MSHA intends to focus its efforts on
smaller operators in particular—training
them in measuring dpm concentrations,
and providing technical assistance on
available controls. The Agency will also
issue a compliance guide, and continue
its current efforts to disseminate
educational materials and software.

(4) Benefits of the final rule Benefits
of the rule include reductions in lung
cancer. In the long run, as the mining
population turns over, MSHA estimates
that a minimum of 8.5 lung cancer
deaths will be avoided per year.2

Benefits of the rule will also include
reductions in the risk of death from
cardiovascular, cardiopulmonary, or
respiratory causes and in sensory
irritation and respiratory symptoms.
MSHA does not believe that the
available data can support reliable or
precise quantitative estimates of these
benefits. Nevertheless, the expected
reductions in the risk of death from
cardiovascular, cardiopulmonary, or
respiratory causes appear to be
significant, and the expected reductions
in sensory irritation and respiratory
symptoms appear to be rather large.

II. General Information

This part provides the context for this
preamble. The nine topics covered are:

(1) The role of diesel-powered
equipment in underground metal and
nonmetal mining in the United States;

(2) The composition of diesel exhaust
and diesel particulate matter (dpm);

(3) The sampling and analytical
techniques for measuring ambient dpm
in underground metal and nonmetal
mines;

2This lower bound figure could significantly
underestimate the magnitude of the health benefits.

(4) Limiting the public’s exposure to
diesel and other final particulates—
ambient air quality standards;

(5) The effects of existing standards—
MSHA standards on diesel exhaust
gases (CO, CO», NO, NO, and SO»), and
EPA diesel engine emission standards—
on the concentration of dpm in
underground metal and nonmetal
mines;

(6) Methods for controlling dpm
concentrations in underground metal
and nonmetal mines;

(7) MSHA'’s approach to diesel safety
and health in underground coal mines
and its effect on dpm;

(8) Information on how certain states
are restricting occupational exposure to
dpm; and

(9) A history of this rulemaking.

Material on these subjects which was
available to MSHA at the time of the
proposed rulemaking was included in
Part II of the preamble that accompanied
the proposed rule. (63 FR 58123 et seq).
Portions of that material relevant to
underground metal and nonmetal mines
is reiterated here (although somewhat
reorganized), and the material is
amended and supplemented where
appropriate as a result of comments and
additional information added to the
record since the proposal was
published.

(1) The Role of Diesel-Powered
Equipment in Underground Metal and
Nonmetal Mining in the United States

Diesel engines, first developed about
a century ago, now power a full range
of mining equipment in underground
metal and nonmetal mines, and are used
extensively in this sector. This sector’s
reliance upon diesel engines to power
equipment in underground metal and
nonmetal mines appears likely to
continue for some time.

Historical Overview of Diesel Power
Use in Mining. As discussed in the
notice of proposed rulemaking, the
diesel engine was developed in 1892 by
the German engineer Rudolph Diesel. It
was originally intended to burn coal
dust with high thermodynamic
efficiency. Later, the diesel engine was
modified to burn middle distillate
petroleum (diesel fuel). In diesel
engines, liquid fuel droplets are injected
into a prechamber or directly into the
cylinder of the engine. Due to
compression of air in the cylinder the
temperature rises high enough in the
cylinder to ignite the fuel.

The first diesel engines were not
suited for many tasks because they were

For example the estimate based on the mean value

too large and heavy (weighing 450 lbs.
per horsepower). It was not until the
1920’s that the diesel engine became an
efficient lightweight power unit. Since
diesel engines were built ruggedly and
had few operational failures, they were
used in the military, railway, farm,
construction, trucking, and busing
industries. The U.S. mining industry
was slow, however, to begin using these
engines. Thus, when in 1935 the former
U.S. Bureau of Mines published a
comprehensive overview on metal mine
ventilation (McElroy, 1935), it did not
even mention ventilation requirements
for diesel-powered equipment. By
contrast, the European mining
community began using these engines in
significant numbers, and various reports
on the subject were published during
the 1930’s. According to a 1936
summary of these reports (Rice, 1936),
the diesel engine had been introduced
into German mines by 1927. By 1936,
diesel engines were used extensively in
coal mines in Germany, France, Belgium
and Great Britain. Diesel engines were
also used in potash, iron and other
mines in Europe. Their primary use was
in locomotives for hauling material.

It was not until 1939 that the first
diesel engine was used in the United
States mining industry, when a diesel
haulage truck was used in a limestone
mine in Pennsylvania, and not until
1946 was a diesel engine used in a coal
mine. Today, however, diesel engines
are used to power a wide variety of
equipment in all sectors of U.S. mining.
Production equipment includes vehicles
such as haultrucks and shuttle cars,
front-end loaders, hydraulic shovels,
load-haul-dump units, face drills, and
explosives trucks. Diesel engines are
also used in support equipment
including generators and air
compressors, ambulances, fire trucks,
crane trucks, ditch diggers, forklifts,
graders, locomotives, lube units,
personnel carriers, hydraulic power
units, longwall component carriers,
scalers, bull dozers, pumps (fixed,
mobile and portable), roof drills,
elevating work platforms, tractors,
utility trucks, water spray units and
welders.

Current Patterns of Diesel Power Use
in Underground Metal and Nonmetal
Mining. Table II-1 provides information
on the current utilization of diesel
equipment in underground metal and
nonmetal mines.

of all the studies examined is 49 lung cancer deaths
avoided per year.
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TABLE |I-1.—DIESEL EQUIPMENT IN UNDERGROUND METAL AND NONMETAL MINES

: . Number of under- | Number of mines Number of En-
Mine size ground mines A with diesels B gines B
134 77 584
130 119 3,414
264 196 3,998

(A) Number of underground mines is based on those reporting operations for FY1999 (preliminary data).
(B) Number of mines using diesels are based on January 1998 count, by MSHA inspectors, of underground metal and nonmetal mines that
used diesel powered equipment, and the number of engines (the latter rounded to the nearest 25) was determined in the same count with ref-

erence to equipment normally in use.

(C) A “small” mine is one with less than 20 miners.

As noted in Table II-1, a majority of
underground metal and nonmetal mines
use diesel-powered equipment.

Diesel engines in metal and nonmetal
underground mines, and in surface coal
mines, range up to 750 HP or greater,
although equipment size, and thus the
size of the engine, can be limited by
production requirements, the
dimensions of mine openings, and other
factors. By contrast, in underground
coal mines, the average engine size is
less than 150 HP. The reason for this
disparity is the nature of the equipment
powered by diesel engines. In
underground metal and nonmetal
mines, and surface mines, diesel
engines are widely used in all types of
equipment—both the equipment used
under the heavy stresses of production
and the equipment used for support. In
underground metal and nonmetal
mines, of the approximate 4,000 pieces
of diesel equipment normally in use,
about 1,800 units are used for loading
and hauling. By contrast, the great
majority of the diesel usage in
underground coal mines is in support
equipment.

This fact is significant for dpm control
in underground metal and nonmetal
mines. As the horsepower size of the
engine increases, the mass of dpm
emissions produced per hour increases.
(A smaller engine may produce the
same or higher levels of particulate
emissions per volume of exhaust as a
large engine, but the mass of particulate
matter increases with the engine size).
Accordingly, as engine size increases,
control of emissions may require
additional efforts.

Another factor relevant to control of
dpm emissions in this sector is that
fewer than 15 underground metal and
nonmetal mines are required to use Part
36 permissible equipment because of
the possibility of the presence of
explosive mixtures of methane and air.
The surface temperature of diesel
powered equipment in underground
metal and nonmetal mines classified as
gassy must be controlled to less than
400°F. Such mines must use equipment
approved as permissible under Part 36

if the equipment is utilized in areas
where permissible equipment is
required. These gassy metal and
nonmetal mines have been using the
same permissible engines and power
packages as those approved for
underground coal mines. (MSHA has
not certified a diesel engine exclusively
for a Part 36 permissible machine for the
metal and nonmetal sector since 1985
and has certified only one permissible
power package; however, that engine
model has been retired and is no longer
available as a new purchase to the
industry). As a result, engine size (and
thus dpm production of each engine) is
more limited in these mines, and, as
explained in section 6 of this part, the
exhaust from these engines is cool
enough to add a paper type of filtration
device directly to the equipment.

By contrast, since in nongassy
underground metal and nonmetal mines
mine operators can use conventional
construction equipment in their
production sections without the need
for modifications to the machines, they
tend to do so. Two examples are haulage
vehicles and front-end loaders. As a
result, these mines can and do use
engines with larger horsepower and hot
exhaust. As explained in section 6 of
this part, the exhaust from such engines
must be cooled by a wet or dry device
before a paper filter can be used, or high
temperature filters (e.g., ceramics) must
be used.

At this time, diesel power faces little
competition from other power sources
in underground metal and nonmetal
mines. As can be seen from the chart,
there are some small metal and
nonmetal mines (less than 20
employees) which do not use diesel-
powered equipment; most of these used
compressed air for drilling and battery-
powered rail equipment for haulage.

It is unclear at tﬁis time, how quickly
new ways to generate energy to run
mobile vehicles will be available for use
in a wide range of underground metal
and nonmetal mining activities. New
hybrid electric automobiles are being
introduced this year by two
manufacturers (Honda and Toyota);

such vehicles combine traditional
internal combustion power sources (in
this case gasoline) with electric storage
and generating devices that can take
over during part of the operating period.
By reducing the time the vehicle is
directly powered by combustion, such
vehicles reduce emissions. Further
developments in electric storage devices
(batteries), and chemical systems that
generate electricity (fuel cells) are being
encouraged by government-private
sector partnerships. For further
information on recent developments,
see the Department of Energy alternative
fuels web site at http://
www.afdc.doe.gov/altfuels.html, and
“The Future of Fuel Cells” in the July
1999 issue of Scientific American. Until
such new technologies mature, are
available for use in large equipment,
and are reviewed for safe use
underground, however, MSHA assumes
that the underground metal and
nonmetal mining community’s
significant reliance upon the use of
diesel-power will continue.

(2) The Composition of Diesel Exhaust
and Diesel Particulate Matter (DPM)

The emissions from diesel engines are
actually a complex mixture of
compounds, containing gaseous and
particulate fractions. The specific
composition of the diesel exhaust in a
mine will vary with the type of engines
being used and how they are used.
Factors such as type of fuel, load cycle,
engine maintenance, tuning, and
exhaust treatment will affect the
composition of both the gaseous and
particulate fractions of the exhaust. This
complexity is compounded by the
multitude of environmental settings in
which diesel-powered equipment is
operated. Nevertheless, there are a few
basic facts about diesel emissions that
are of general applicability.

The gaseous constituents of diesel
exhaust include oxides of carbon,
nitrogen and sulfur, alkanes and alkenes
(e.g., butadiene), aldehydes (e.g.,
formaldehyde), monocyclic aromatics
(e.g., benzene, toluene), and polycyclic
aromatic hydrocarbons (e.g.,
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phenanthrene, fluoranthene). The
oxides of nitrogen ( NOx) are worth
particular mention because in the
atmosphere they can precipitate into
particulate matter. Thus, controlling the
emissions of NOx is one way that engine
manufacturers can control particulate
production indirectly. (See section 5 of
this part).

The particulate components of the
diesel exhaust gas include the so-called
diesel soot and solid aerosols such as
ash particulates, metallic abrasion
particles, sulfates and silicates. The vast
majority of these particulates are in the
invisible sub-micron range of 100nm.

The main particulate fraction of diesel
exhaust is made up of very small
individual particles. These particles
have a solid core mainly consisting of

elemental carbon. They also have a very
surface-rich morphology. This surface
absorbs many other toxic substances,
that are transported with the
particulates, and can penetrate deep
into the lungs. There can be up to 1,800
different organic compounds adsorbed
onto the elemental carbon core. A
portion of this hydrocarbon material is
the result of incomplete combustion of
fuel; however, the majority is derived
from the engine lube oil. In addition, the
diesel particles contain a fraction of
non-organic adsorbed materials. Figure
I1-1 illustrates the composition of dpm.

Diesel particles released to the
atmosphere can be in the form of
individual particles or chain aggregates
(Vuk, Jones, and Johnson, 1976). In
underground coal mines, more than

Figure II-1
DPM components

90% of these particles and chain
aggregates are submicrometer in size
(i.e., less than 1 micrometer (1 micron)
in diameter). Dust generated by mining
and crushing of material—e.g., silica
dust, coal dust, rock dust—is generally
not submicrometer in size. Figure II-2
shows a typical size distribution of the
particles found in the environment of a
mine that uses equipment powered by
diesel engines (Cantrell and Rubow,
1992). The vertical axis represents
relative concentration, and the
horizontal axis the particle diameter. As
can be seen, the distribution is bimodal,
with dpm generally being well less than
1 um in size and dust generated by the
mining process being well greater than
1 um.
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Figure 11-2 -Typical distribution of dpm relative to distribution of other
mining particulates.
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As shown on Figure II-3 (Majewski,
W. Addy, Diesel Progress June, 1998)
diesel particulates have a bimodal size
distribution which includes small
nuclei mode particles and larger
accumulation mode particles. As further
shown, most of diesel particle mass is
contained in the accumulation mode but
most of the particle number can be
found in the nuclei mode.

The particles in the nuclei mode, also
known as nanoparticles, are being
investigated as to their health hazard
relevance. The interest in these particles
has been sparked by the finding that
newer “low polluting engines emit
higher numbers of small particles than
the old technology engines. Although
the exact composition of diesel
nanoparticles is not known, it was
found that they may be composed of
condensates (hydrocarbons, water,
sulfuric acid). The amount of these
condensates and the number of
nanoparticles depends very significantly
on the particulate sampling conditions,
such as dilution ratios, which were
applied during the measurement.

Both the maximum particle
concentration and the position of the
nuclei and accumulation mode peaks,
however, depend on which
representation is chosen. In mass
distributions, the majority of the
particulates (i.e., the particulate mass) is
found in the accumulation mode. The
nuclei mode, depending on the engine

Dissel particulate size distnibution,

technology and particle sampling
technique, may be as low as a few
percent, sometimes even less than 1%.
A different picture is presented when
the number distribution representation
is used. Generally, the number of
particles in the nuclei mode contributes
to more than 50% of the total particle
count. However, sometimes the nuclei
mode particles represent as much as
99% of the total particulate number.
The topic of nanoparticles is discussed
further in section 5 of this Part.

(3) The Sampling and Analytical
Techniques for Measuring Ambient dpm
in Underground Metal and Nonmetal
Mines

As MSHA noted in the preamble to
the proposed rule, there are a number of
methods which can measure dpm
concentrations with reasonable accuracy
when it is at high concentrations and
when the purpose is exposure
assessment. Measurements for the
purpose of compliance determinations
must be more accurate, especially if
they are to measure compliance with a
dpm concentration as low as 200 pug/m?
or lower. Accordingly, MSHA noted that
it needed to address a number of
questions as to whether any existing
method could produce accurate, reliable
and reproducible results in the full
variety of underground mines, and
whether the samplers and laboratories
existed to support such determinations.
(See 63 FR 58127 et.seq).

MSHA concluded that there was no
method suitable for such compliance
measurements in underground coal
mines, due to the inability of the
available methods to distinguish
between dpm and coal dust.
Accordingly, the agency developed a
rule for the coal mining sector that does
not depend upon ambient dpm
measurements.

By contrast, the agency concluded
that by using a sampler developed by
the former Bureau of Mines, and an
analytical method developed by the
National Institute for Occupational
Safety and Health (NIOSH), MSHA
could accurately measure dpm levels at
the required concentrations in
underground metal and nonmetal
mines. While not requiring operators to
use this method for their own sampling,
MSHA did commit itself to use this
approach (or a method subsequently
determined by NIOSH to provide equal
or improved accuracy) for its own
sampling. Moreover the agency
proposed that MSHA sampling be the
sole basis for determining compliance
by metal and nonmetal mine operators
with applicable compliance limits, and
that a single sample would be adequate
for such purposes. Specifically,
proposed §57.5061 would have
provided:

Section 57.5061 Compliance
determinations.

(a) A single sample collected and
analyzed by the Secretary in accordance
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with the procedure set forth in
paragraph (b) of this section shall be an
adequate basis for a determination of
noncompliance with an applicable limit
on the concentration of diesel
particulate matter pursuant to § 57.5060.

(b) The Secretary will collect and
analyze samples of diesel particulate
matter by using the method described in
NIOSH Analytical Method 5040 and
determining the amount of total carbon,
or by using any method subsequently
determined by NIOSH to provide equal
or improved accuracy in mines subject
to this part.

This part of MSHA’s proposed rule
received considerable comment. Some
commenters challenged the accuracy,
precision and sensitivity of NIOSH
Analytical Method 5040. Some
challenged whether the amount of total
carbon determined by the method is a
reliable way to determine the amount of
dpm. Others questioned whether the
sampler developed by the former
Bureau of Mines would provide an
accurate sample to be analyzed. Many
commenters asserted that the analytical
method would not be able to distinguish
between dpm and various other
substances in the atmosphere of
underground metal and nonmetal
mines—carbonates and carbonaceous
minerals, graphitic materials, oil mists
and organic vapors, and cigarette smoke.
(It should be noted that commenters
also questioned the use of a single
sample as the basis for a compliance
determination, and the use of area
sampling in compliance determinations;
these comments are reviewed and
responded to in Part IV of this preamble
in connection with the discussion of
§57.5061.)

The agency has carefully reviewed the
information and data submitted by
commenters. Where necessary to verify
the validity of comments, MSHA
collected additional information which
it has placed in the record, and which
in turn were the subject of an additional
round of comments.

Background. As discussed in section
2 of this part, diesel particulate consists
of a core of elemental carbon (EC),
adsorbed organic carbon (OC)
compounds, sulfates, vapor phase
hydrocarbons and traces of other
compounds. The method developed by
NIOSH provides for the collection of a
sample on a quartz fiber filter. As
originally conceived, the filter is
mounted in an open face filter holder
that allows for the sample to be
uniformly deposited on the filter
surface. After sampling, a section of the
filter is analyzed using a thermal-optical
technique (Birch and Cary, 1996). This
technique allows the EC and OC species
to be separately identified and
quantified. Adding the EC and OC
species together provides a measure of
the total carbon concentration in the
environment.

Studies have shown that the sum of
the carbon (C) components (EC + OC)
associated with dpm accounts for 80—
85% of the total dpm concentration
when low sulfur fuel is used (Birch and
Cary, 1996). Therefore, in the preamble
to the proposed rule, MSHA asserted
that since the TC:DPM relationship is
consistent, it provides a method for
determining the amount of dpm. MSHA
noted that the method can detect as
little as 1 ug/m3 of TC. Moreover,
NIOSH has investigated the method and
found it to meet NIOSH’s accuracy
criterion (NIOSH, 1995)—i.e., that

measurements come within 25 percent
of the true TC concentration at least 95
percent of the time.

In the preamble to the proposed rule,
MSHA recognized that there might be
some interferences from other common
organic carbon sources in underground
metal and nonmetal mines: specifically,
oil mists and cigarette smoke. The
agency noted it had no data on oil mists,
but had not encountered the problem in
its own sampling. With respect to
cigarette smoke, the agency noted that:
“Cigarette smoke is under the control of
operators, during sampling times in
particular, and hence should not be a
consideration.” (63 FR 58129).

The agency also discussed the
potential advantages and disadvantages
of using a special device on the sampler
to eliminate certain other possible
interferences. NIOSH had recommended
the use of a submicron impactor when
taking samples in coal mines to filter
out particles more than one micron in
size. See Figure III-3. The idea is to
ensure that a sample taken in a coal
mine does not include significant
amounts of coal dust, since the
analytical method would capture the
organic carbon in the coal dust just like
the carbon in dpm. Coal dust is
generally larger than one micron, while
dpm is generally smaller than one
micron. However, MSHA pointed out
that while samples in underground
metal and nonmetal mines could be
taken with a submicrometer impactor,
this could lead to underestimating the
total amount of dpm present. This is
because the fraction of dpm particles
greater than 1 micron in size in the
environment of noncoal mines can be as
great as 20%.

BILLING CODE 4510-43-P
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MSHA also noted that while NIOSH
Method 5040 requires no specialized
equipment for collecting a dpm sample,
the sample would most probably require
analysis by a commercial laboratory.
The agency noted it did not foresee the
availability of qualified testing facilities
as a problem. The agency likewise
discussed the availability of the
sampling device, and noted steps that
were underway to develop a disposable
sampler. (63 FR 58130)

Sample Collection Methods. Some
commenters raised questions about how
dpm samples should be taken: using
open face sampling, respirable sampling
and submicron sampling. All three are
discussed in NIOSH Analytical Method
5040. Because diesel particulate matter
is primarily submicron in size any of the
three sampling methods could be used.

The choice of sample collection
method considers the cost and potential
interferences that the method can
contribute. Regardless of the sampling
method, the sampling media (filter)
must be one that does not interfere with
the analysis. For this reason a pre-fired
quartz fiber filter has been chosen. The
quartz fiber filter is capable of
withstanding the temperatures from the
analytical procedure. The filter is pre-
fired to remove residual carbon,
attached to the filter during
manufacturing.

Total Dust Sampling. Total dust
sampling is the least expensive method
to collect an airborne dust sample. It is
commonly used to collect a sample that
is representative of all the dust in the
environment; i.e., the particles are not
preclassified during the collection
process. Total dust sampling can be
performed using a filter cassette that
allows the whole face of the filter to be
exposed during collection of the sample
(open face) or using a filter cassette with
a small inlet opening (referred to as a
closed face filter cassette). The latter
method is used by MSHA for
compliance sampling for total dust in
the metal and nonmetal sector. Because
the sample collected is representative of
all the particulate matter in the
environment, there is the potential for
interference from mineral contaminants
when sampling for diesel particulate
matter. While in many cases the
analytical results can be corrected for
these interferences, in some instances
the interferences may be so large that
they can not be quantified with the
analytical procedure, thus preventing
the analytical result to be corrected for
the interference.

Additionally, MSHA has noted that in
some cases when using the total dust
sampler with the small inlet hole,
distribution of the collected sample on

the filter is not uniform. The
distribution of sample is concentrated in
the center of the filter. This can result

in the effect of an interference being
magnified. As a result, MSHA considers
that total dust sampling is not an
appropriate sampling method for the
mining industry to use when sampling
diesel particulate matter.

Respirable Dust Sample Collection.
Respirable dust sampling is commonly
used when a size selective criteria for
dust is required. The mining industry is
familiar with size selective sampling for
the collection of coal mine dust samples
in coal mines and for collecting
respirable silica samples in metal and
nonmetal mines. For respirable dust
sampling MSHA uses a 10 millimeter,
Dorr Oliver nylon cyclone as a particle
classifier to separate the respirable
fraction of the aerosol from the total
aerosol sampled. The use of this particle
classifier would be suitable when
sampling diesel particulate, provided
significant amounts of interfering
minerals are not present. This is because
90 percent of the diesel particulate is
typically less than 1 micrometer in size.
Particles less than 1 micrometer in size
pass through the cyclone and are
deposited on the filter. While in many
cases, these interferences could be
removed during the analytical
procedures, the analytical procedures
alone can not be assured to remove the
interferences when large amounts of
mineral dust are present.

Additionally, MSHA has observed
that in some sampling equipment the
cyclone outlet hole has been reduced
when interfacing it with the filter
capsule. MSHA has further observed
that where this has occurred, the
distribution of sample on the collection
filter may not be uniform. In this
circumstance the sample is also
concentrated in the center of the filter
which can result in the effect of a
mineral interference being magnified.
As a result, MSHA considers that
respirable dust sampling is not a
universally applicable sampling method
for the mining industry to use for
sampling diesel particulate matter.

Submicron Dust Sample Collection.
Since only a small fraction of a mineral
dust aerosol is less than 1 micrometer in
size, a submicrometer impactor (Cantrell
and Rubow, 1992) was developed to
permit the sampling of diesel particulate
without sampling potential mineral
interferences. The submicrometer
impactor was initially developed to
remove the interference from coal mine
dust when sampling diesel particulate
in coal mines. It was designed to remove
the carbon coal particles, that are greater
than 0.8 micrometer in size, when

sampling for diesel particulate matter at
a pump flowrate of 2.0 liters per minute.
As a result the submicrometer impactor
cleans potentially interfering mineral
dust from the sample.

As noted in the preamble to the
proposed rule, use of this method to
measure dpm does result in the
exclusion of that portion of dpm that is
not submicron in size, and this can be
significant. On the other hand, this
method avoids problems associated
with the other methods described above.
Moreover, as discussed in more detail
below under the topic of
“interferences”, the submicron impactor
can eliminate certain substances that in
metal and nonmetal mines would
otherwise make it difficult for the
analytical method to be used for
compliance purposes.

Accuracy of Analytical Method,
NIOSH Method 5040. Commenters
challenged the accuracy, precision and
sensitivity of the analytical method
(NIOSH Method 5040) used for the
diesel particulate analysis. MSHA has
carefully reviewed these concerns, and
has concluded that provided a
submicron impactor is used with the
sampling device in underground metal
and nonmetal mines, NIOSH Method
5040 does provide the accuracy,
precision and sensitivity necessary to
use in compliance sampling for dpm in
such mines.

As noted above, NIOSH Method 5040
is an analytical method that is used to
determine elemental and organic carbon
content from an airborne sample. It is
more versatile than other carbon
analytical methods in that it
differentiates the carbon into its organic
and elemental carbon components. The
method accomplishes this through a
thermal optical process. An airborne
sample is collected on a quartz fiber
filter. A portion of the filter,
(approximately 2 square centimeters in
area) is placed into an oven. The
temperature of the oven is increased in
increments. At certain oven temperature
and atmospheric conditions (helium,
helium-oxygen), carbon on the filter is
oxidized into carbon dioxide. The
carbon dioxide gas is then passed over
a catalyst and reduced to methane. The
methane concentration is measured and
carbon content is determined.
Separation of different types of organic
carbon is accomplished through
temperature and atmospheric control.
The instrument is programmed to
increase temperature in steps over time.
This step by step increase in
temperature allows for differentiation
between various types of organic
carbon.
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A laser is used to differentiate the
organic carbon from the elemental
carbon. The laser penetrates the filter
and when the laser transmittance
reaches its initial value this determines
when elemental carbon begins to evolve.
The computer software supplied with
the instrumentation indicates this
separation by a vertical line. The
separation point can be adjusted by the
analyst. As a result, there may be small
differences in the determination of
organic and elemental carbon between
analysts, but the total carbon (sum of
elemental and organic carbon) does not
change. The software also allows the
analyst to identify and quantify the
different types of organic carbon using
identifiable individual peaks. This
permits the mathematical subtraction of
a particular carbon peak. This feature is
particularly useful in removing
contributions from carbonates or other
carbonaceous minerals. In other total
carbon methods, samples have to be
acidified to remove carbonate
interference. A thermogram is produced
with each analysis that shows the
temperature ramps, oven atmospheric
conditions and the amount of carbon
evolved during each step.

A range of five separate sucrose
standards between 10-100 pg/cm?
carbon are initially analyzed to check
the linearity of the internal calibration
determined using a constant methane
concentration. This constant methane
concentration is injected at the end of
each analysis. To monitor this methane
constant, sucrose standards are analyzed
several times during a run to determine
that this constant does not deviate by
more than 5-10%.

The method has the sensitivity to
analyze environmental samples
containing 1 to 10 ug/m3 of elemental
carbon. The method will be used in
mining applications to determination
total carbon contamination where the
diesel particulate concentration will be
limited to 400 ug/m3rc and 160 pg/
m3rc. NIOSH has reported that the
lower limit of detection for the method
is 0.1 ug/cm? elemental carbon for an
oven pre-fired filter portion and 0.5 ug/
cm? organic carbon for an oven pre-fired
filter portion. For a full shift sample,
this detection limit represents
approximately 1 and 5 pg/m3 of
elemental and organic carbon,
respectively. Additionally, NIOSH has
conducted a round robin program to
assess interlaboratory variability of the
method. This study indicated a relative
standard deviation for total carbon, of
less than 15 percent.

A typical diesel particulate
thermogram is shown in Figure II-4.
The thermogram generally contains five
or six carbon peaks, one for each
temperature ramp on the analyzer. The
first four peaks (occurring during a
helium atmosphere ranging from a
temperature of 210C to 870C) are
associated with organic carbon
determination and the fifth and/or sixth
peak (occurring during a helium/oxygen
atmosphere ranging in temperature from
610C to 890C) is the elemental carbon
determination.

The fourth peak (temperature ~750C)
is also where carbonate and other
carbonaceous minerals are evolved in
the analysis. For a diesel particulate
sample without interferences present,
this fourth peak is usually minimal as

it is attributed to heavy distillant
organics not normally associated with
diesel operations in underground
mining applications. If this peak is due
to carbonate, the carbonate interference
can be verified by analyzing a second
portion of the sample after acidification
as described in the NIOSH 5040
method. If the fourth peak is caused by
some other carbonaceous mineral, the
acidification process may not
completely remove the interference and
may, on occasion cause a positive bias
to elemental carbon.

As explained below in the discussion
of interferences, these analytical
interferences from carbonaceous
materials can be corrected by using the
submicron impactor preceded by a
cyclone (respirable classifier) to collect
diesel particulate matter samples, since
nearly all the particles of these minerals
are greater than 1 micrometer in size.
Accordingly, MSHA has determined it
should utilize a submicron impactor in
taking any samples in underground
metal and nonmetal mines, and has
included this requirement in the rule.
Specifically, 57.5061(b) now provides:

(b) The Secretary will collect samples
of diesel particulate matter by using a
respirable dust sampler equipped with a
submicrometer impactor and analyze
the samples for the amount of total
carbon using the method described in
NIOSH Analytical Method 5040, except
that the Secretary may also use any
methods of collection and analysis
subsequently determined by NIOSH to
provide equal or improved accuracy for
the measurement of diesel particulate
matter in mines subject to this part.

BILLING CODE 4510-43-P



5723

Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations

AMTHLIN
TN LN

i

.

MIDAKO

N

S

2 068

20139

2014

2048

WNin3aH

‘oTdwes 13snp o7geaTdseI B JO STSATRUR WOIJ wexbowIsayl y-II =2InbT4

BILLING CODE 4510-43-C



5724

Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations

In keeping with established metal and
nonmetal sampling protocol, the
samplers will be operated at a flow rate
of 1.7 LPM. At a flow rate of 1.7 LPM,
the cut point for the impactor is 0.9
micrometers.

Any organic carbon detected at the
fourth peak will be subtracted from the
organic carbon portion of the sample
analysis using the software supplied
with the analytical program. The only
samples that MSHA anticipates that will
be acidified are those collected in trona
mines. These samples contain a
bicarbonate which evolves in several of
the organic peaks but can be removed by
acidification. Use of the submicron
impactor will also insure a uniform
distribution of diesel particulate and
mineral dust on the filter.

Some Commenters indicated that a
uniform deposit of mineral dust was
sometimes not obtained with certain
respirable dust sampler configurations.
For some commodities such as salt and
potash, where carbonate may not be an
interference, it is probably not necessary
to sample with the submicron impactor.
However, in order to be consistent,
MSHA will sample all commodities
using a respirable dust sampler
equipped with a submicrom impactor,
and has so noted in the rule.

Proper use of sample blanks. Each set
of samples collected to measure the
diesel particulate concentration of a
mine environment, must be
accompanied by a field blank (a filter
cassette that is treated and handled in
the same manner as filters used to
collect the samples) when submitted for
analysis. The amount of total carbon
determined from the analysis of the
blank sample must be applied to
(subtracted from) the carbon analysis of
each individual sample. The field blank
correction is applied to account for non-
sampled carbon that attaches to the
filter media. The blank correction is
applied to the organic fraction as,
typically, no elemental carbon is found
on the blank filters.

Failure to adjust for the blanks can
lead to incorrect results, as was the case
with samples collected by some
commenters. While field blanks were
submitted and analyzed with their
samples, the field blank analytical
results were not used to correct the
individual samples for nonsampled
carbon content. Typically the carbon
content on the reviewed field blanks
ranged from 2 to 3 pug/square centimeter
of filter area. For a one-hour sample, not
using a blank correction of this
magnitude, could result in an
overestimate of 250 ug/m3 of dpm
(3%8.55%1000/(1.7 * 60)=250). For an
eight-hour sample, not using a blank

correction, could result in an
overestimate of 30 ug/m3 of dpm
(3%8.55x1000/(1.7* 480)=30).

Variability of Sample Blanks

In response to the July 1, 2000,
reopening of the record, one commenter
submitted summary data from a study
that examined diesel exposures in seven
underground facilities where trona, salt,
limestone, and potash were mined. The
purpose of this study was to determine
the precision and accuracy of the
NIOSH 5040 method in these
environments. According to the
commenter, the study data ‘“provide
strong evidence that the NIOSH 5040
Method * * * is not feasible as a
measure of DPM exposure.” The
commenter’s conclusion was based on
five “difficulties” that, according to the
commenter, were documented when
sampling for DPM using organic carbon
or total carbon as a surrogate. These
difficulties were:

(1) High and variable blank values
from filters;

(2) High variability from duplicate
punches from the same sampling filter;

(3) Consistently positive interference
when open-faced monitors were
sampled side-by-side with cyclones;

(4) Poor correlation of organic carbon
to total carbon levels; and

(5) Interference from limestone that
could not be adequately corrected with
acid-washing.

As discussed elsewhere in this
preamble, difficulties #3 and #5 will be
resolved by the use of a submicrometer
impactor sampler. Difficulty #4, the lack
of a strong correlation between organic
carbon and total carbon, has long been
recognized by MSHA. That is one of the
reasons MSHA chose total carbon
(TC=EC+0C) as the best surrogate to use
for assessing DPM levels in
underground metal and nonmetal
mines. MSHA has never proposed using
organic carbon as a surrogate measure of
DPM.

The summary data that the
commenter submitted do not appear to
demonstrate the first two items of
“difficulties”” with respect to TC
measurements. Because MSHA has not
experienced the difficulties of (1) high
and variable blank values and (2) high
variability between duplicate punches
from the same sampling filter, MSHA
also performed its own analysis of the
data submitted by the commenter.
MSHA'’s examination of the data
included:

e Estimating the mean, within-mine
standard deviation, and relative
standard deviation (RSD) for blank TC
values, based on the “Summary of Blank
Sample Results” submitted; and

¢ Estimating the variability
(expressed as RSD) associated with the
TC analysis of duplicate punches from
the same filter, based on individual
sample data submitted earlier by the
same commenter for five of the mines.

Based on the summary data, the
overall average mean TC content per
blank filter, weighted by the number of
blank samples in each mine, was 16.9 ug
TC. This represents the average value
that would be subtracted from the TC
measurement from an exposed sample
before making a noncompliance
determination. At a TC concentration of
160 pg/m?3 (the final limit established by
this rule), the TC accumulated on a filter
after an 8-hour sampling period would
be approximately 130 ug. Therefore,
these data show that the mean TC value
for a blank is less than 13 percent of TC
accumulated at the concentration limit,
and an even lower percentage of total
TC accumulated at concentrations
exceeding the limit. MSHA considers
this to be acceptable for samples used to
make noncompliance determinations.
Based on the same summary data
presented for TC measurements on
blank samples, the weighted average of
within-mine standard deviations is 6.4
ug. Compared to TC values greater than
or equal to 130 ug, this corresponds to
an RSD no greater than 6.4/130 = 4.9
percent. MSHA also regards this degree
of variability in blank TC values to be
acceptable for purposes of
noncompliance determination.

To estimate the measurement
variability associated with analytical
errors in the TC measurements, MSHA
examined the individual TC results
from duplicate punches on the same
filter. These data were submitted earlier
by the same commenter for five mines.
As shown, by the commenter’s summary
table, data obtained from the first mine
were invalid, leaving data from four
mines (2—5) for MSHA’s data analysis.
Data were provided on a total of 73
filters obtained from these four mines,
yielding 73 pairs of duplicate TC
measurements, using the initial and first
repeated measurement provided for
both elemental and organic carbon.
MSHA calculated the mean percent
difference within these 73 pairs of TC
measurements (relative to the average
for each pair) to be 8.2 percent (95-
percent confidence interval = 5.6 to 10.9
percent). Based on the same data,
MSHA calculated an estimated RSD =
10.0 percent for the analytical error in
a single determination of TC.? Contrary

1This estimate was obtained by first calculating
the standard deviation of the differences between
the natural logarithms of the TC measurements
within each pair. Since each of these differences
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to the commenter’s conclusion, this
result supports MSHA'’s position that
TC measurements do not normally
exhibit excessive analytical errors.

This estimate of the RSD = 10.0
percent for TC measurements is also
consistent with the replicated area
sample results submitted by the
commenter for the seven mines. In this
part of the study, designed to evaluate
measurement precision, 69 sets of
simultaneous samples were collected at
the seven mines. Each set, or ‘‘basket,”
of samples normally consisted of five
simultaneous samples taken at
essentially the same location. Since the
standard deviation of the TC
measurements within each basket was
based on a maximum of five samples,
the standard deviation calculated within
baskets is statistically unstable and does
not provide a statistically reliable basis
for estimating the RSD within
individual baskets. However, as shown
in the summary table submitted by the
commenter, the mean RSD across all 69
baskets was 10.6 percent. This RSD,
which includes the effects of normal
analytical variability, variability in the
volume of air pumped, and variability
in the physical characteristics of
individual sampler units, is not
unusually high, in the context of
standard industrial hygiene practice.

MSHA also examined data submitted
by another commenter to estimate the
total variability associated with TC
sample analysis by different
laboratories. Based on 25 pairs of
simultaneous TC samples (using a
cyclone) analyzed by different
laboratories, this analysis showed a total
RSD of approximately 20.6 percent. If
the most extreme of three statistical
outliers in these data is excluded, the
result based on 24 pairs is an estimated
RSD of 11.7 percent. Like the first
commenter’s estimate of RSD = 10.6
percent, based on simultaneous samples
analyzed at the same laboratory, these
RSD’s include not only normal
analytical variability in a TC
determination, but also variability in the
volume of air pumped and variability in
the physical characteristics of
individual sampler units. The higher
estimates, however, also cover
uncertainty in a TC measurement
attributable to differences between
laboratories.

contains two TC determinations, and two
corresponding analytical errors, this standard
deviation was divided by the square root of 2. Using
standard propagation of error formulas, the result
provides a reasonably good estimate of the RSD
over the range of TC values reported. MSHA used
the same technique to estimate the RSD for the 25
pairs of TC samples analyzed at different
laboratories, as described below.

Based on these analyses, MSHA has
concluded that the data submitted to the
record by commenters support the
Agency'’s position that NIOSH Method
5040 is a feasible method for measuring
DPM concentrations in underground M/
NM mines.

Availability of analysis and samplers.
One of the concerns expressed by
commenters was the limited number of
commercial laboratories available to
analyze diesel particulate samples, and
the availability of required samplers.
While MSHA will be doing all
compliance sampling itself, and running
the analyses in its AITHA accredited
laboratory in Pittsburgh, pursuant to
§57.5071 of the rule, operators in
underground metal and nonmetal mines
will be required to do environmental
monitoring; and although they will not
be required to use the same methods as
MSHA to determine dpm
concentrations, MSHA presumes that
many will wish to do so. Moreover,
there are certain situations (e.g.,
verification that a dpm control plan is
working) where the rule requires
operators to use this method
(§57.5062(c)).

Currently there are four commercial
labs that have the capability to analyze
for dpm using the NIOSH 5040 Method.
These labs are: Sunset Laboratory,
Forest Grove, Oregon and Chapel Hill,
North Carolina; Data Chem, Salt Lake
City, Utah; and Clayton Group Services,
Detroit, MI. All of these labs, as well as
including the NIOSH Laboratories in
Cincinnati and Pittsburgh and the
MSHA laboratory in Pittsburgh
participate in a round robin analytical
test to verify the accuracy and precision
of the analytical method being used by
each. As MSHA indicated in the
preamble to its proposed rule, it
believes that once there is a commercial
demand for these tests, additional
laboratories will offer such services.

The cost of the analysis from the
commercial labs is approximately $30 to
$50 for a single punch analysis and a
report. This is about the same amount
as a respirable silica analysis. The labs
charge another $75 to acidify and
analyze a second punch from the same
filter and to prepare an analytical report.
The labs report both organic and
elemental carbon. By using the
submicron impactor, operators can
significantly reduce the number of
situations where acidification is
required, and thus reduce the cost of
sample analysis.

The availability of samplers has been
the subject of many comments—not so
much because of concern about
availability once the rule is in effect, but
because of assertions that they are not

available now. In particular, it has been
alleged by some commenters that they
have been unable to conduct their own
“independent evaluation” of the NIOSH
method because the agency has kept
from them the samplers needed to
properly conduct such testing. Some
commenters even accused the agency of
deliberately withholding the needed
samplers.

As indicated in MSHA'’s toolbox and
the preamble to the proposed rule, the
former Bureau of Mines (BOM)
submitted information on the
development of a prototype
dichotomous impactor sampling device
that separates and collects the
submicron respirable particulate from
the respirable dust sampled.
Information on this sampling device has
been available to the industry since
1992. A picture of the sampler is shown
above as Figure II-3. The impactor plate
is made out of brass and the nozzles are
drilled. The former BOM made available
to all interested parties detailed design
drawings that permitted construction of
the dichotomous impactor sampler by
any local machine shop. NIOSH and
MSHA had hundreds of these sampling
devices made for use in their programs
to measure dpm concentrations. Anyone
could have had impactor samplers built
by a local machine shop at a cost
ranging from $50 to $100.

In 1998, MSHA provided NIOSH with
research funds for the development of a
disposable sampling device that would
have the same sampling characteristics
as the BOM sampler, and including an
impactor with the same sampling
characteristics as the metal one. NIOSH
awarded SKC the contract for the
development of the disposable sampler.
MSHA estimates the cost of the
disposable sampler will be less than
$50. The sampler is designed to
interface with the standard 10
millimeter Dorr Oliver cyclone particle
classifier and to fit in a standard MSHA
respirable dust breast plate assembly.
The quartz fiber filter used for the
collection of diesel particulate in
accordance with NIOSH Method 5040
has been encapsulated in an aluminum
foil to make handling during the
analytical procedure easier. To reduce
manufacturing expense (and therefore,
sampler cost), the nozzle plate in the
SKC sampler is made of plastic instead
of brass. In order to ensure that the
nozzles in the impaction plate would
hold their tolerances during
manufacturing, the plastic nozzle plate
for the SKC sampler is fitted with
synthetic sapphire nozzles. This nozzle
plate and nozzle assembly have the
same performance as the BOM-designed
sampler.
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As of the time MSHA conducted its
verification sampling for interferences,
SKC had developed several prototypes
of the disposable unit. However, testing
of the devices by NIOSH indicated that
a minor design modification was needed
to better secure the impaction plate and
nozzle plate to the sampler housing for
a production unit. In its verification
sampling, MSHA used both BOM
designed and SKC prototype samplers.
Prior to its verification tests, MSHA
replaced the brass nozzle plates in the
BOM design impactors with plastic
nozzle-plates fitted with sapphire
nozzles, as used in the SKC prototype
sampler. However, because there was no
change in nozzle geometry, this change
in the BOM impactors did not affect
their performance. During MSHA'’s
verifications testing, no problems were
experienced with dislodgement of the
impaction plates or nozzle plates. The
impactors used by MSHA in its
verification sampling were not defective
in any way, as suggested by several
Commenters.

Under the Mine Act, MSHA has no
obligation to make devices available to
the mining community to conduct its
own test sampling or to verify MSHA’s
results, nor does the mining industry
have any explicit authority under the
Mine Act to “independently evaluate”
MSHA'’s results. The responsibility for
determining the accuracy of the device
and method for sampling rests with the
agency, not the mining community.
Accordingly, although some
commenters requested that MSHA
remove its interference studies from the
record, the agency declines to do so.
These studies are discussed in more
detail below; additional questions raised
about the sampling devices used in the
studies, and the procedures for that
sampling, are discussed in that context.

Some commenters initially asserted
that their inability to conduct their own
testing would prevent them from
making comments of MSHA’s
verification studies. Based on the
detailed comments subsequently
provided, this initial concern appears to
have been overstated.

It appears from some of the comments
on MSHA'’s studies that members of the
mining community may have
understood MSHA to say that use of an
impactor sampler would remove all
interferences. MSHA can find no such
statement. As noted in more detail
below, use of the impactor will remove
most of the interferences (albeit at the
cost of eliminating some dpm as well).

Choice of Total Carbon as
Measurement of Diesel Particulate
Matter. MSHA asserted that the amount
of total carbon (determined by the

sampling and analytical methods
discussed above) would provided the
agency with an accurate representation
of the amount of dpm present in an
underground metal and nonmetal mine
atmosphere at the concentration levels
which will have to be maintained under
the new standard. Some commenters
questioned MSHA'’s statements
concerning the consistency of the ratio
between total carbon and diesel
particulate, and the amount of that ratio.
Other commenters suggested that
elemental carbon may be a better
indicator of diesel particulate because it
is not subject to the interference that
could effect a total carbon measurement.

Under the approach incorporated into
the final rule, the concentration of
organic and elemental carbon (in ug per
square centimeter) are separately
determined from the sample analysis
and added together to determine the
amount of total carbon. The interference
from carbonate or mineral dust
quantified by the fourth organic carbon
peak is subtracted from the organic
carbon results. The field blank
correction is then subtracted from the
organic analysis (the blank does not
typically contain elemental carbon).
Concentrations (time weighted average)
of carbon are calculated from the
following formula:

C (ug/cmz) * A (sz) # 1,000 L/m’
1.7 LPM * time (min)

Where:

C=The Organic Carbon (OC) or
Elemental Carbon (EC)
concentration, in ug/m3, measured
in the thermal/optical carbon
analyzer (corrected for carbonate
and field blank).

A=The surface area of the filter media
used. The surface areas of the filters
are as follows: quartz fiber filter
without aluminum cover is 8.55
cm?; quartz fiber filter with
aluminum cover is 8.04 cm?2.

The 80 percent factor MSHA used to
establish the total carbon level
equivalents of the 500 ug/m3 and 200
ug/m?3 dpm concentration limits being
set by the rule was based on information
obtained from laboratory measurements
conducted on diesel engines (Birch and
Cary, 1996). Since the publishing of the
proposed rule, this value has been
confirmed by measurements collected in
underground mines in Canada (Watts,
1999)

MSHA agrees that the total carbon
measurement is more subject to
interferences than the elemental carbon
measurement. However, because the
ratio of elemental carbon to total carbon

in underground mines is dependent on
the duty cycle at which the diesel
engine is operated (found to vary
between 0.2 and 0.7), MSHA believes
that total carbon is the best indicator of
diesel particulate for underground
mines. Additionally, MSHA has
observed that some controls, such as
filtration systems on cabs can alter the
ratio of elemental to total carbon. The
ratio can be different inside and outside
a cab on a piece of diesel equipment.
MSHA notes that NIOSH has asserted
that the ratio of elemental carbon to
dpm is consistent enough to provide the
basis for a standard based on elemental
carbon (“* * * the literature and the
MSHA laboratory tests support the
assertion that DPM, on average, is
approximately 60 to 80% elemental
carbon, firmly establishing EC as a valid
surrogate for DPM”’). However, while an
average value for elemental carbon
percent may be a useful measure for
research purposes, data submitted by
commenters show that elemental carbon
can range from 8 percent to 81 percent
of total carbon.

MSHA does not believe elemental
carbon is a valid surrogate for dpm in
the context of a compliance
determination that, like all other metal
and nonmetal health standards, can be
based on a single sample. By contrast,
as noted above, studies have shown that
there is a consistent ratio between total
carbon and dpm (from 80 to 85%).
Moreover, although the ratio of the
elemental carbon to organic carbon
components obtained using the NIOSH
Method 5040 may vary, total carbon
determinations obtained with this
method are very consistent, and agree
with other carbon methods (Birch,
1999). Accordingly, while total carbon
sampling does necessitate sampling
protocols to avoid interferences, of the
sort discussed below, MSHA has
concluded that it would not be suitable
at this time to use elemental carbon as
a surrogate for dpm.

Potential Sample Interferences/
Contributions. As noted in the
introduction to this section, many
commenters asserted that the analytical
method would not be able to distinguish
between dpm and various other
substances in the atmosphere of
underground metal and nonmetal
mines—carbonates and carbonaceous
minerals, graphitic materials, oil mists
and organic vapors, and cigarette smoke.
The agency carefully reviewed the
information submitted by commenters,
both during the hearings and in writing,
and found that it was in general
insufficient to establish that such
interferences would be a problem.
Limitations in the data submitted by the
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commenters included, for example,
failure to utilize blanks, failure to blank
correct sample results, open face and
respirable samples that were collected
in the presence of high levels of
carbonate interference, the amount of
carbonate interference was not
quantified, dpm was not uniformly
deposited on filters and sample punches
were taken where the deposit was
heaviest, failure to adjust sample results
due to short sampling times, failure to
consider the impact of interferences
such as carbonate, oil mist, and cigarette
smoke on dpm exposure.

Rather than dismiss these assertions,
however, the agency decided to conduct
some investigations to verify the
validity of the comments. As a result of
these tests, the agency has determined
that certain interferences can exist,
within certain parameters; and was also
able to demonstrate how these
interferences can be minimized or
avoided. The material which follows
reviews the information MSHA has on
this topic, including representative
comments MSHA received on these
verification studies. Part IV of this
preamble reviews in some detail the
adjustments MSHA has made to the
proposed rule, and the practices MSHA
will follow in compliance sampling, to
avoid these interferences.

General discussion of interference
studies. As noted above, MSHA
conducted the verifications to determine
if the alleged interferences were in fact
measurable in underground mining
environments. At the same time, the
studies gave MSHA an opportunity to
identify sampling techniques that would
minimize or eliminate the interferences,
evaluate analytical techniques to
minimize or eliminate the interferences
from the samples, and develop a
sampling and analytical strategy to
assure reliable dpm measurements in
underground mines.

A total of six studies were conducted.
One field study was conducted at
Homestake Mine, a gold mine in Lead,
South Dakota, three field studies were
conducted at gold mines near Carlin,
Nevada. These included Newmont,
South Area Carlin Mine and Barrick
Goldstrike. One study was conducted in
the NIOSH Research Laboratory’s
experimental mine in Pittsburgh,
Pennsylvania and one study conducted
in a laboratory dust chamber at the
NIOSH Pittsburgh Research Laboratory.
For example the studies conducted at
Carlin and Homestake were to evaluate
interference from oil mist and the
studies conducted at Homestake,
Newmont and Barrick were to assess
interference from carbonaceous dust.
These locations were carefully selected

in light of the assertions about
interferences which had been made by
commenters.

Despite the care that went into
designing where to conduct the
verification samples, there were a
number of comments asserting the
samples were not representative. For
example, it was asserted that MSHA did
not sample a representative particle size
distribution and sampled the wrong
material (i.e., ores with the highest
carbon content). On the contrary the
samples that MSHA collected were
representative of the respirable and
submicron fractions of the dust in the
environment as well as the total dust in
the environment. Therefore, MSHA
believes that the particle size
distribution of the samples collected
were representative. Also, MSHA
obtained a bulk sample of the various
ores tested. While the samples collected
at the crushers were low carbon content
(0-10.3%), the carbon content (30.3%)
of the ore collected at the underground
mining area sampled at Carlin was
similar to the high carbon content
(31.4%) ores obtained at Barrick. The
sampling therefore included a cross
section of the ores in question.

Some commenters objected to the fact
that no personal samples were collected
in these studies. Packages of samplers
were placed in areas that were close to
the breathing zone of the workers.
Upwind and downwind samples were
used to determine the extent of the
interference. The regulation recognizes
the validity of area samples. As a result
these samples provided valid
information on interferences that are
likely to be encountered during
sampling by MSHA inspectors.

More generally, commenters asserted
that MSHA lacked enough studies for
statistical analysis. MSHA notes again
that the studies were conducted to
verify specific industry assertions, and
were properly designed to try and verify
those assertions. However, the same
studies which confirmed that such
interferences could be measured in
certain conditions were also able to
determine that these interferences could
not be measured, or were not significant
in scope, if some of the conditions were
changed. Part IV of this preamble
discusses what actions the agency plans
to take as a result of its current
information on this matter.

Some commenters asserted that
MSHA made certain incorrect technical
assumptions in its verification
sampling: about the sampling method
used to conclude that overall dust levels
would meet MSHA'’s standards; about
the concentration of EC in
submicrometer dust; and about the

variability of carbonaceous ores. With
respect to the first point, the final
sampling strategy adopted by MSHA for
dpm allows for either personal or area
sampling using a submicrometer
sampler preceded by a respirable
cyclone. Because of the sampling and
analytic procedures, the only potential
mineral interferent would be the
graphitic contribution (elemental
carbon). The carbonate and
carbonaceous contribution would be
eliminated or reduced by the use of the
impactor sampler and using the
software integration procedure
described in Method 5040.

With respect to the second point, the
concentration of EC in the
submicrometer dust, for personal and
most area samples, the allowable silica
exposure would limit the amount of
submicrometer mineral dust sampled.
This has been demonstrated for samples
collected in coal mines where the coal
dust contains high levels of elemental
carbon, but the interference for EC from
submicrometer samples has been less
that 4 pg/ms3.

With respect to the last point which
addresses the geology of the ore, MSHA
acknowledges that there would be
variation in the carbon content of the
ore. However, it would be unlikely that
the carbon content would exceed that of
coal mine dust where the elemental
carbon interference has been found to be
negligible.

The sampling was performed with the
BOM designed or SKC prototype
samplers as described in the prior
section. All samplers used the more
precise sapphire nozzles. Samples were
collected using standard procedures
developed by MSHA for assessing
particulate concentrations in mine
environments. Samples were analyzed
for total carbon using NIOSH Method
5040. The analyses was performed by
MSHA at the Pittsburgh Safety and
Health Technology Center’s Dust
Division laboratory. For some samples a
second analysis was performed using an
acidification procedure.

Commenters alleged a number of
technical problems with how the
sampling was performed. Some asserted
that defective devices were used for the
sampling, or that MSHA did not
properly calibrate its equipment. MSHA
did not experience any problems with
the samplers, and did calibrate its
equipment according to standard
procedures. Some pointed out that
MSHA conducted the verifications with
samplers different from those required
by the rule. MSHA presumes this
comment reflects the fact that the
proposed rule did not require an
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impactor to be used; this is, however,
the case with the final rule.

Some commenters noted that MSHA
voided some sample results and that,
lacking further explanation, it might be
assumed the agency simply eliminated
those samples which gave results that
did not agree with the conclusions it
sought. The only samples that were
voided were chamber samples. Some
voided samples were higher than, and
some void samples were lower than, the
sample used. These were duplicate
samples collected for short time periods.
Samples were voided because they were
inconsistent with other samples in the
set of six samples collected. These
inconsistencies as-well-as variability
between other duplicate samples were
attributed to short sample times. Voided
sample results are shown for Homestake
(1 of 12 impactors). No impactor
samples were voided at Barrick nor at
the Newmont crusher. In the Jackleg
drill tests conducted at Carlin Mine,
there were 2 of 6 impactor samples
voided.

Others asserted that MSHA failed to
validate the design of the box which
held the sampling equipment. In fact, all
of the issues mentioned relative to the
sampling box (i.e., pressure build up,
leakage of chamber, impaction of
particles, pump calibration) had been
carefully examined by MSHA prior to
the tests and found not to be a problem.
Also, this sample chamber has been
used extensively in other field tests
where duplicate samples or a variety of
samplers have been used and has
worked extremely well.

One commenter stated that these
studies confirm that measurement
interference cannot be eliminated by
blank correction and longer sample
times, and that the proposed single
sample enforcement policy would not
be representative of typical mine
conditions. MSHA disagrees with this
conclusion from the verification tests.
The MSHA tests demonstrated that
blank correction does eliminate a source
of interference. The residual organic
carbon indicated in several of the
samples collected at crushers were
attributed to short sample time and
normal variation in the range of blank
values. The verification tests did not
address sample time. However, when
converting the mass collected to a
concentration, the mass is divided by
the sample time. Dividing by a longer
time will always reduce an interference
caused by a positive bias.

Other commenters alleged that there
were problems with the MSHA
personnel performing the studies. Some
asserted these personnel failed to listen
to suggestions made by representatives

of mine companies who accompanied
MSHA in their facilities during in-mine
testing, suggestions which they assert
would have corrected asserted problems
in the testing procedure. Others simply
assert that the MSHA personnel were
biased, manipulated the data, and tried
to conform the study results to those
they wanted to find. It was also asserted
that any potential for bias should have
been removed through independent
peer review of the results, or
performance or confirmation of the
studies by independent personnel or
laboratories.

The tests were designed and
conducted by personnel from MSHA'’s
Pittsburgh Safety and Heath
Technology’s Dust Division. This
laboratory at this facility is ATHA
accreditated, and its personnel are
among the foremost experts in
particulate sampling analysis in the
mining industry. They are widely
published and are accustomed to
performing work that must survive legal
and scientific scrutiny. Moreover, the
personnel designing and performing
these studies have more experience than
anybody else with dust sampling in
general, and with this particular
measurement application. While the
agency welcomes scrutiny of its work,
and repetition by others, it also
recognizes that such efforts take time. In
this case, the agency elected to conduct
tests to address specific concerns, given
its obligation to respond to the risks to
miners reviewed in Part III of this
preamble. It did so using a sound study
design and expert personnel, and has
made the detailed results of its studies
a matter of public record.

In this regard, a number of
commenters made reference to a study
currently being conducted by NIOSH of
possible interferences with the 5040
method. Some of these commenters
provided MSHA with a copy of what is
apparently the final protocol for the
study, asserted that it would provide
better information than the verification
studies conducted by MSHA, and urged
the agency to wait for completion of this
study.

MSHA welcomes the NIOSH study,
and will carefully consider its results—
and the results of any other studies of
this matter—in refining the compliance
practices outlined in part IV of this
preamble. But given the agency’s
obligation to respond to the risks to
miners reviewed in Part III of this
preamble, and the recommendations of
NIOSH to take action in light of that
risk, it would be inappropriate to await
the results of another study.

Carbonates and Carbonaceous
Minerals. As noted in the discussion of

the analytical method (NIOSH Method
5040), carbonates have been known to
cause an interference when determining
the total carbon content of a diesel
particulate sample. Carbonates are
generally in two forms—carbonates such
as limestone and dolomite and
bicarbonate which is associated with
trona (soda ash). As further noted, the
amount of carbonate and bicarbonate
collected on a sample can be
significantly reduced or eliminated
through the use of a submicrometer
impactor. If the total carbon analysis of
a sample indicates that a carbonate
interference exists after the use of a
submicrometer impactor, any remaining
interfering effect may be removed or
diminished using the acidification
process described in NIOSH Method
5040.

Carbonate interference can also be
removed during the analytical process
by mathematically subtracting the
organic carbon quantified by the fourth
peak in the thermogram. Because
bicarbonate is evolved over several
temperature ranges, subtraction of only
one peak does not remove all of the
interference from bicarbonate. As a
result, the sample needs to be acidified
to remove all of the bicarbonate
interference.

Commenters correctly pointed out
that other carbonaceous minerals are not
removed by the acidification process
and in fact in some cases, the
acidification process may cause a
positive bias to the elemental carbon
measurement. However, MSHA has
verified that through the use of the
submicrometer impactor, which reduces
the mineral dust collected, combined
with the subtraction of organic carbon
quantified by the fourth organic carbon
peak, this source of interference can be
eliminated (PS&HTC-DD-505,
PS&HTC-DD-509, PS&KHTC-DD-510
and PS&HTC-DD—00-523).

MSHA has verified the use of a
submicron impactor to remove
carbonate interference through field and
laboratory measurements. In the field
measurements, simultaneous respirable
and submicron dust samples were
collected near crushing operations
where there was no diesel equipment
operating. In the laboratory
measurements, a aerosol containing
carbonate dust was introduced into a
dust chamber and simultaneous
submicron, respirable and total dust
samples were collected. For both the
field and laboratory measurements, the
samples were analyzed for carbon using
NIOSH Method 5040. Results of analysis
of these samples showed that for
respirable dust samples, acidification of
the sample removed the carbonate.
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Carbonate was evolved in the fourth
peak of the organic portion of the
analysis. The carbon evolved by the
analysis was approximately 10 percent
of the carbonate collected on the
gravimetric sample, roughly equating to
12 percent carbon contained in calcium
carbonate tested (limestone). Sampling
with the submicron impactor removed
the carbonate and carbonaceous
component from the sample. A
commenter noted that in the dust
chamber tests, organic carbon was
reported, even though the carbonate was
removed by sampling, acidification or
software integration. This organic
carbon was attributed to oil vapors
leaking from the compressor that
delivered the dust to the chamber. This
oil leak was reported to MSHA after the
tests were completed.

Sample results further indicated that
the total carbon mass determined for the
respirable diesel particulate samples
was approximately 95 percent of the
diesel particulate mass determined
gravimetrically and the total carbon
mass determined from the impactor
diesel particulate samples was
approximately 82 percent of the
respirable value. Use of the impactor
reduced the amounts of carbonate
collected on the sample by 90 percent.

The difference between the respirable
total carbon determinations and the
gravimetric diesel particulate can be
attributed to sulfates or other
noncarbonaceous minerals in the diesel
particulate. The difference between the
submicron total carbon and the
respirable total carbon determinations is
attributed to the removal of diesel
particulate particles that are greater than
0.9 micrometers in size. The difference
between the carbonate measured by
NIOSH Analytical Method 5040 and the
gravimetric carbonate is attributed to
impurities in the material. The expected
ratio of evolved carbon from the
carbonate to carbonate (C/CaCo3) would
be 0.12 (12/(40 + 12 + 48)).

Graphitic Minerals. Commenters
reported that several ores, primarily
associated with gold mines, contain
graphitic carbon, and that this carbon
shows up as elemental carbon in an
airborne dust sample. MSHA has
collected samples of this ore and has
found that in fact this is true (PS&HTC-
DD-505, PS&HTG-DD-509, PS&HTC-
DD-510). MSHA has verified the use of
a submicron impactor to remove
graphitic carbon interference through
field measurements.

In the field measurements,
simultaneous respirable and submicron
dust samples were collected near
crushing operations where there was no
diesel equipment operating. For both

the field and laboratory measurements,
the samples were analyzed for carbon
using NIOSH Method 5040. Results of
analysis of these samples showed that
for respirable dust samples, several pg/
m3 of elemental carbon could be present
in the sample.

However, MSHA has found this
interference is very small, and can be
reduced still further through the use of
the submicron impactor on the sampler.
The highest elemental carbon content of
the ores was less than 5 percent. These
ores also contain at least 20 percent
respirable silica, as determined from
samples collected near crushers where
diesel particulate was not present.
Based on a 20 percent respirable silica
content in the dust in the environment,
the allowable respirable dust exposure
would be limited to 0.45 mg/m3. Based
on a 5 percent elemental carbon content
in the sample, this sample could contain
23 pg/m3 of elemental carbon. Typically
10 percent of mineral dust is less than
one micron. By using the submicron
impactor, the interference from
graphitic carbon in the ore would be
less than 3 pg/m3. Samples collected by
MSHA, near crushing operations, using
submicron impactors, did not contain
elemental carbon.

Accordingly, MSHA plans to sample
for diesel particulate matter using
submicron impactors to reduce the
potential interference from carbonates,
carbonaceous minerals and graphitic
ores. As noted previously, this
requirement is being specifically added
to the regulation.

Oil Mist and Organic Vapors.
Commenters indicated that diesel
particulate sample interference can
occur from sampling around drilling
operations and from organic solvents.

To verify the existence and extent of
any such interference, MSHA collected
samples at stoper drilling, jack leg
drilling and face drilling operations.
The stoper drill and jack leg drill were
pneumatic. The face drill was
electrohydraulic. Interference from drill
oil mist was observed for both the stoper
drill and jack leg drill operations
(PS&HTC-DD-505, PS&KHTC-DD-511).
Respirable and submicron samples were
collected in the stope, the intake air to
the stope and the exhaust air from the
stope. Interference from drill oil mist
was not found in submicron samples
collected on the electrohydraulic face
drill (PS&HTC-DD-505). The oil mist
interference for the stoper drill was
confined to the drill location due to the
use of a high viscosity lube grease. The
amount of interference in the stope on
a submicron sample for the stoper drill
was 4.5 ug/m3 per hour of drilling. The
interference from the oil mist on the

jack leg operation extended throughout
the mining stope area, but it did not
extent into the main ventilation
heading. The amount of interference in
the stope on a submicron sample for the
jack leg drill was 9 to 11 ug/m3 per hour
of drilling. MSHA believes that similar
interferences could occur when miners
are working near organic solvents.

Accordingly, this is an interference
that can be addressed by not sampling
too close to the source of the
interference. As discussed in more
detail in Part IV of this preamble, when
MSHA collects compliance samples on
drilling operations that produce an oil
mist, or where organic solvents are
used, personal samples will not be
collected. Instead, an area sample will
be collected, upwind of the driller or
organic solvent source.

A commenter suggested that the lack
of organic carbon reduction from
outside to inside the cab at Homestake
Mine indicated additional sources of
organic carbon that have not been
identified. MSHA believes that the
reduction in elemental but not organic
carbon from outside to inside the cab at
Homestake Mine was attributed to size
distribution. The organic carbon is small
enough to pass through a filter. The
organic carbon in the cab could not have
been generated from a source inside the
cab or attributed to residual cigarette
smoke as the air exchange rate for the
cab was one air change per minute. The
cab operator did not smoke.

Cigarette Smoke. Cigarette smoke is a
form of organic carbon. Commentors
indicated that cigarette smoke can
interfere with a diesel particulate
measurement when total carbon is used
as the indicator of dpm. Industry
Commenters collected samples in a
surface ‘“‘smoke room” where the airflow
and number of cigarettes were not
monitored.

To verify the existence and the extent
of any such interference, MSHA took
samples in an underground mine where
controlled smoking took place. Two
series of cigarette tests were conducted.
A test site was chosen in the NIOSH,
PRL, Experimental Mine. The site
consisted of approximately 75 feet of
straight entry. The entry was
approximately 18.5 feet wide and 6.2
feet high (115 square feet area). In the
first test, the airflow rate through the
test area was 6,000 cfm and 4 cigarettes
were smoked over a 120 minute period.
In the second test, the airflow was 3,000
cfm and 28 cigarettes were smoked over
a 210 minute period. A control filter
was used to adjust for organic carbon
present on the filter media. MSHA
collected samples on the smokers,
twenty-five feet upwind of the smokers,
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twenty-five feet downwind of the
smokers and fifty feet downwind of the
smokers. Results of the underground
test did verify that smoking could be an
interference on a dpm measurement.

Analysis of the thermogram from the
smoking test showed that cigarette
smoke showed up only in the organic
portion of the analysis. In this test with
the cigarette smoke, a fifth organic peak
was observed. This peak contributed
approximately 0.5 ug/m2 to the analysis.
This would be equivalent to an 8 hour
full shift concentration of 5 ug/m3. The
thermogram otherwise is not
distinguishable from the organic portion
of a thermogram for a diesel particulate
sample. Analysis of the thermogram
indicated that 30 percent of the organic
carbon appeared in the first organic
peak, 15 percent appeared in the second
organic peak, 10 percent appeared in the
third organic peak, 25 percent of the
cigarette smoke appeared in the fourth
organic peak, and 20 percent of the
cigarette smoke appeared in the fifth
organic peak. While the amount of
carbon identified by the fourth organic
peak can be quantified and
mathematically subtracted from the
amount of total carbon measured, the
remaining three peaks, representing 83
percent of the total carbon associated
with smoking, would be an interferrant
to the diesel particulate matter
measurement.

However, the effect of cigarette smoke
was even more localized to the smoker
than the oil mist was to the stoper or
jack leg drill operator. Twenty five feet
upwind of the smoker, no carbon
attributed to cigarette smoke was
detected. For the smoker, each cigarette
smoked would add 5 to 10 pg/m3 to the
exposure, depending on the airflow.
Smoking 10 cigarettes would add 50 to
100 ug/m?3 to a worker’s exposure. At
both twenty five feet and fifty feet
downwind of the smoker, after mixing
with the ventilating air, the contribution
of carbon attributed to smoking was
reduced to 0.3 pg/m?3 for each cigarette
smoked. Sampling twenty-five to fifty
feet down wind of a worker smoking 10
cigarettes per day would add no more
than 3 pg/m3 to the worker’s exposure
(PS&HTC-DD-518). The air velocities in
this test (30 to 60 feet per minute) were
relatively low compared to typical mine
air velocities. The interference would be
even less at the higher air velocities
normally found in mines.

Accordingly, as discussed in more
detail in Part IV of this preamble, when
MSHA collects compliance samples,
miners will be requested not to smoke.
If a miner does want to smoke while
being sampled, and is not prohibited
from doing so by the mine operator, the

inspector will collect an area sample a
minimum of twenty-five feet upwind or
downwind of the smoker. Smokers
working inside cabs will not be
sampled.

Summary of Conclusions from
Verification Studies. In summary,
MSHA was able to draw the following
conclusions from these studies:

o As specified in NIOSH Method
5040, it is essential to use a blank to
correct organic carbon measurements.

e Contamination (interference) from
carbonate and carbonaceous minerals is
evolved in the fourth organic peak of the
thermogram.

o Interference from graphitic minerals
may appear in the elemental carbon
portion of the analysis.

¢ Interference from cigarette smoke
and oil mist from pneumatic drills
appears in several peaks of the organic
analysis.

¢ Use of the submicron impactor
removes the mineral interference from
carbonate, carbonaceous minerals and
graphitic minerals.

e Acidification is required to remove
the interference from bicarbonate which
maybe evolved in several of the organic
peaks.

¢ Subtraction of the fourth organic
peak by software integration can be used
to correct for interference from
carbonaceous minerals.

o Interference from cigarette smoke
and oil mist from pneumatic drills is
localized. It can be avoided by sampling
upwind or downwind of the interfering
source.

e Total carbon from cigarettes smoke
and oil mist are small compared to
emissions from a diesel engine.

e Sampling can be conducted down
wind of the interfering source after the
contaminated air current has been
diluted with another air current.

The magnitude of interferences
measured during the verifications were
small compared to the levels of total
carbon measured in underground mines
(as reported in Part III of this preamble).
The discussion of section 5061 in Part
IV of this preamble provides further
information on how MSHA will take
this information about interferences into
account in compliance sampling; in
addition, MSHA will provide specific
guidance to inspectors as to how to
avoid interferences when taking
compliance samples.

(4) Limiting the Public’s Exposure to
Diesel and Other Fine Particulates—
Ambient Air Quality Standards.

Pursuant to the Clean Air Act, the
Federal Environmental Protection
Agency (EPA) is responsible for setting
air pollution standards to protect the

public from toxic air contaminants.
These include standards to limit
exposure to particulate matter. The
pressures to comply with these limits
have an impact upon the mining
industry, which limits various types of
particulate matter into the environment
during mining operations, and a special
impact on the coal mining industry
whose product is used extensively in
particulate emission generating power
facilities. But those standards hold
interest for the mining community in
other ways as well, for underlying some
of them is a large body of evidence on
the harmful effects of airborne
particulate matter on human health.
Increasingly, that evidence has pointed
toward the risks of the smallest
particulates—including the particles
generated by diesel engines.

This section provides an overview of
EPA’s rulemaking efforts to limit the
ambient air concentration of particulate
matter, including its recent particular
focus on diesel and other fine
particulates. Additional and up-to-date
information about the most current
rulemaking in this regard is available on
EPA’s Web site, http://www.epa.gov/
ttn/oarpg/naaqsfin/.

EPA is also engaged in other work of
interest to the mining community.
Together with some state environmental
agencies, EPA has actually established
limits on the amount of particulate
matter that can be emitted by diesel
engines. This topic is discussed in the
next section of this Part (section 5).
Environmental regulations also establish
the maximum sulfur content permitted
in diesel fuel, and such sulfur content
can be an important factor in dpm
generation. This topic is discussed in
section 6 of this Part. In addition, EPA
and some state environmental agencies
have also been exploring whether diesel
particulate matter is a carcinogen or a
toxic material at the concentrations in
which it appears in the ambient
atmosphere. Discussion of these studies
can be found in Part III of this preamble.

Background. Air quality standards
involve a two-step process: standard
setting by EPA, and implementation by
each State.

Under the law, EPA is specifically
responsible for reviewing the scientific
literature concerning air pollutants, and
establishing and revising National
Ambient Air Quality Standards
(NAAQS) to minimize the risks to
health and the environment associated
with such pollutants. This review is to
be conducted every five years.
Feasibility of compliance by pollution
sources is not supposed to be a factor in
establishing NAAQS. Rather, EPA is
required to set the level that provides
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“an adequate margin of safety” in
protecting the health of the public.

Implementation of each national
standard is the responsibility of the
states. Each must develop a state
implementation plan that ensures air
quality in the state consistent with the
ambient air quality standard. Thus, each
state has a great deal of flexibility in
targeting particular modes of emission
(e.g., mobile or stationary, specific
industry or all, public sources of
emissions vs. private-sector sources),
and in what requirements to impose on
polluters. However, EPA must approve
the state plans pursuant to criteria it
establishes, and then take pollution
measurements to determine whether all
counties within the state are meeting
each ambient air quality standard. An
area not meeting an NAAQS is known
as a “‘nonattainment area”.

TSP. Particulate matter originates
from all types of stationary, mobile and
natural sources, and can also be created
from the transformation of a variety of
gaseous emissions from such sources. In
the context of a global atmosphere, all
these particles are mixed together, and
both people and the environment are
exposed to a “particulate soup” the
chemical and physical properties of
which vary greatly with time, region,
meteorology, and source category.

The first ambient air quality standards
dealing with particulate matter did not
distinguish among these particles.
Rather, the EPA established a single
NAAQS for “total suspended
particulates”, known as “TSP.” Under
this approach, the states could come
into compliance with the ambient air
requirement by controlling any type or
size of TSP. As long as the total TSP was
under the NAAQS—which was
established based on the science
available in the 1970s—the state met the
requirement.

PM;o. When the EPA completed a new
review of the scientific evidence in the
mid-eighties, its conclusions led it to
revise the particulate NAAQS to focus
more narrowly on those particulates less
than 10 microns in diameter, or PM;.
The standard issued in 1987 contained
two components: an annual average
limit of 50 ug/m?3, and a 24-hour limit
of 150 ug/m3. This new standard
required the states to reevaluate their
situations and, if they had areas that
exceeded the new PM,( limit, to refocus
their compliance plans on reducing
those particulates smaller than 10
microns in size. Sources of PM;,
include power plants, iron and steel
production, chemical and wood
products manufacturing, wind-blown
and roadway fugitive dust, secondary
aerosols and many natural sources.

Some state implementation plans
required surface mines to take actions to
help the state meet the PM, standard.
In particular, some surface mines in
Western states were required to control
the coarser particles—e.g., by spraying
water on roadways to limit dust. The
mining industry has objected to such
controls, arguing that the coarser
particles do not adversely impact
health, and has sought to have them
excluded from the EPA ambient air
standards.

PM, 5. The next scientific review was
completed in 1996, following suit by the
American Lung Association and others.
A proposed rule was published in
November of 1996, and, after public
hearings and review by the Office
Management and Budget, a final rule
was promulgated on July 18, 1997. (62
FR 38651).

The new rule further modifies the
standard for particulate matter. Under
the new rule, the existing national
ambient air quality standard for PM;,
remains basically the same—an annual
average limit of 50 ug/m3 (with some
adjustment as to how this is measured
for compliance purposes), and a 24-hour
ceiling of 150 ug/ms3. In addition,
however, a new NAAQS has now been
established for ‘““fine particulate matter”
that is less than 2.5 microns in size. The
PM, s annual limit is set at 15 pg/m3,
with a 24-hour ceiling of 65 pug/m3.

The basis for the PM, s NAAQS is a
large body of scientific data suggesting
that particles in this size range are the
ones responsible for the most serious
health effects associated with
particulate matter. The evidence was
thoroughly reviewed by a number of
scientific panels through an extended
process. The proposed rule resulted in
considerable press attention, and
hearings by Congress, in which this
scientific evidence was further
discussed. Moreover, challenges to
EPA’s determination that this size
category warranted rulemaking were
rejected by a three judge panel of the DC
Circuit Court. (American Trucking
Association vs. EPA, 275 F.3d 1027).

Second, the majority of the panel
agreed with challenges to the EPA’s
determination to keep the existing
requirements on PM10 as a surrogate for
the coarser particulates in this category
(those particulates between 2.5 and 10
microns in diameter); instead, the panel
ordered EPA to develop a new standard
for this size category. (Op.Cit., *23.)

Implications for the Mining
Community. As noted earlier in this
part, diesel particulate matter is mostly
less than 1.0 micron in size. It is,
therefore, a fine particulate; indeed, in
some regions of the country, diesel

particulate generated by highway and
off-road vehicles constitutes a
significant portion of the ambient fine
particulate (June 16, 1997, PM-2.5
Composition and Sources, Office of Air
Quality Planning and Standards, EPA).
Moreover, as noted in Part III of this
preamble, some of the scientific studies
of health risk from fine particulates used
to support the EPA rulemaking were
conducted in areas where the major fine
particulate was from diesel emissions.
Accordingly, MSHA has concluded that
it must consider the body of evidence of
human health risk from environmental
exposure to fine particulates in
assessing the risk of harm to miners of
occupational exposure to diesel
particulate. Comments on the
appropriateness of the conclusion by
MSHA, and whether MSHA should be
working on a fine particulate standard
rater than just one focused on diesel
particulate are reviewed in Part III.

(5) The Effects of Existing Standards—
MSHA Standards on Diesel Exhaust
Gases (CO, CO,, NO, NO,, and SO-),
and EPA Diesel Engine Emission
Standards—on the Concentration of
dpm in Underground Metal and
Nonmetal Mines

With the exception of diesel engines
used in certain classifications of gassy
mines, MSHA does not require that the
emissions from diesel engines used in
underground metal and nonmetal
mines, as measured at the tailpipe, meet
certain minimum standards of
cleanliness. (Some states may require
engines used in underground metal and
nonmetal mines to be MSHA
Approved.) This is in contrast to
underground coal mines, where only
engines which meet certain standards
with respect to gaseous emissions are
“approved” for use in underground coal
mines. Indeed, as discussed in section 7
of this part, the whole underground coal
mine fleet must now consist of
approved engines, and the engines must
be maintained in approved condition.
While such restrictions do not directly
control dpm emissions of underground
coal equipment, they do have some
indirect impact on them.

MSHA does have some requirements
for underground metal and nonmetal
mines that limit the exposure of miners
to certain gases emitted by diesel
engines. Accordingly, those
requirements are discussed here.

Engine emissions of dpm in
underground metal and nonmetal mines
are gradually being impacted by Federal
environmental regulations,
supplemented in some cases by State
restrictions. Over time, these regulations
have required, and are continuing to
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require, that new diesel engines meet
tighter and tighter standards on dpm
emissions. As these cleaner engines
replace or supplement older engines in
underground metal and nonmetal
mines, they can significantly reduce the
amount of dpm emitted by the
underground fleet. Much of this section
reviews developments in this area.
Although this subject was discussed in

the preamble of the proposed dpm rule
(63 FR 58130 et seq.), the review here
updates the relevant information.
MSHA Limitations on Diesel Gases.
MSHA limits on the exposure of miners
to certain gases in underground mines
are listed in Table II-2, for both coal
mines and metal/nonmetal mines,
together with information about the
recommendations in this regard of other

organizations. As indicated in the table,
MSHA requires mine operators to
comply with gas specific threshold limit
values (TLV®s) recommended by the
American Conference of Governmental
Industrial Hygienists (ACGIH) in 1972
(for coal mines) and in 1973 (for metal
and nonmetal mines).

BILLING CODE 4510-43-P
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TABLE II-2 GASEOUS EXPOSURE LIMITS (PPM)
— I
Pollutant Range of Limits MSHA Limits
Recommended Coal, M/NM,
HCHO 0.016, 0.3, 2 2
(formaldehyde)
CcO 25, 50 50 50
Co, 5,000 5,000 5,000 ' 5,000
NO 2555 25 25 25
NO, 1p 3, 5 5
SO, 2¢,p 5g 2 ‘5

Table Notes:

A)
B)
c)

ACGIH, 1972
ACGIH, 1973

NIOSH recommended exposure limit

average
ACGIH, 1996

OSHA permissible exposure limit

NIOSH recommends only a l-ppm,

BILLING CODE 4510-43-C

(REL) ,

(PEL)
15-minutes,

based on a 10-hour,

short-term exposure limit

time-weighted

(STEL)
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To change an exposure limit at this
point in time requires a regulatory
action; the rule does not provide for
their automatic updating. In 1989,
MSHA proposed changing some of these
gas limits in the context of a proposed
rule on air quality standards. (54 FR
35760). Following opportunity for
comment and hearings, a portion of that
proposed rule, concerning control of
drill dust and abrasive blasting, has
been promulgated, but the other
components are still under review.

One commenter expressed concern
that MSHA would attempt to regulate
dpm together with diesel exhaust gases
based on their additive or combined
effects. As discussed in greater detail in
Part IV of this preamble, MSHA does
not, at this time, have sufficient
information upon which to enforcement
limits for dpm and diesel exhaust gases
on the basis of their additive or
combined effects, if any.

Authority for Environmental Engine
Emission Standards. The Clean Air Act
authorizes the Federal Environmental
Protection Agency (EPA) to establish
nationwide standards for mobile
vehicles, including those powered by
diesel engines (often referred to in
environmental regulations as
“compression ignition” or “CI”
engines). These standards are designed
to reduce the amount of certain harmful
atmospheric pollutants emanating from
mobile sources: the mass of particulate
matter, nitrogen oxides (which as
previously noted, can result in the
generation of particulates in the
atmosphere), hydrocarbons and carbon
monoxide.

California has its own engine
emission standards. New engines
destined for use in California must meet
standards under the law of that State.
The standards are issued and
administered by the California Air
Resources Board (CARB). In many cases,
the California standards are the same as
the national standards; as noted herein,
the EPA and CARB have worked on
certain agreements with the industry
toward that end. In other situations, the
California standards may be more
stringent.

Regulatory responsibility for
implementation of the Clean Air Act is
vested in the Office of Transportation
and Air Quality (formerly the Office of
Mobile Sources), part of the Office of
Air and Radiation of the EPA. Some of
the discussion which follows was
derived from materials which can be
accessed from the agency’s home page
on the World Wide Web at (http://
www.epa.gov/omswww/omshome.htm).
Information about the California
standards may be found at the CARB

home page at (http://www.arb.ca.gov/
homepage.htm).

Diesel engines are generally divided
into three broad categories for purposes
of engine emissions standards, in
accordance with the primary use for
which the type of engine is designed: (1)
light duty vehicles and light duty trucks
(i.e., those engines designed primarily to
power passenger transport or
transportation of property); (2) heavy
duty highway engines (i.e., those
designed primarily to power over-the-
road truck hauling); and (3) nonroad
vehicles (i.e., those engines designed
primarily to power small equipment,
construction equipment, locomotives
and other non-highway uses).

The exact emission standards which a
new diesel engine must meet varies
with engine category and the date of
manufacture. Through a series of
regulatory actions, EPA has developed a
detailed implementation schedule for
each of the three engine categories
noted. The schedule generally forces
technology while taking into account
certain technological realities.

Detailed information about each of the
three engine categories is provided
below; a summary table of particulate
matter emission limits is included at the
end of the discussion.

EPA Emission Standards for Light-
Duty Vehicles and Light Duty Trucks.2

Current light-duty vehicles generally
comply with the Tier 1 and National
LEV emission standards. Particulate
matter emission limits are found in 40
CFR Part 86. In 1999, EPA issued new
Tier 2 standards that will be applicable
to light-duty cars and trucks beginning
in 2004. With respect to pm, the new
rules phase in tighter emissions limits to
parts of production runs for various
subcategories of these engines over
several years; by 2008, all light duty
trucks must limit pm emissions to a
maximum of 0.02 g/mi. (40 CFR
86.1811-04(c)). Engine manufacturers
may, of course, produce complying
engines before the various dates
required.

EPA Emissions Standards for Heavy-
Duty Highway Engines. In 1988, a
standard limiting particulate matter
emitted from the heavy duty highway
diesel engines went into effect, limiting
dpm emissions to 0.6 g/bhp-hr. The
Clean Air Act Amendments of 1990 and
associated regulations provided for
phasing in even tighter controls on NOx

2The discussion focuses on the particulate matter
requirements for light duty trucks, although the
current pm requirement for light duty vehicles is
the same. The EPA regulations for these categories
apply to the unit, rather than just to the engine
itself; for heavy-duty highway engines and nonroad
engines, the regulations attach to the engines.

and particulate matter through 1998.
Thus, engines had to meet ever tighter
standards for NOX in model years 1990,
1991 and 1998; and tighter standards for
PM in 1991 (0.25 g/bhp-hr) and 1994
(0.10 g/bhp-hr). The latter remains the
standard for PM from these engines for
current production runs (40 CFR
86.094—11(a)(1)(iv)(B)). Since any heavy
duty highway engine manufactured
since 1994 must meet this standard,
there is a supply of engines available
today which meet this standard. These
engines are used in mining in the
commercial type pickup trucks.

New standards for this category of
engines are gradually being put into
place. On October 21, 1997, EPA issued
a new rule for certain gaseous emissions
from heavy duty highway engines that
will take effect for engine model years
starting in 2004 (62 FR 54693). The rule
establishes a combined requirement for
NOx and Non-methane Hydrocarbon
(NMHC). The combined standard is set
at 2.5 g/bhp-hr, which includes a cap of
0.5 g/bhp-hr for NMHC. EPA
promulgated a rulemaking on December
22,2000 (65 FR 80776) to adopt the next
phase of new standards for these
engines. EPA is taking an integrated
approach to: (a) Reduce the content of
sulfur in diesel fuel; and thereafter, (b)
require heavy-duty highway engines to
meet tighter emission standards,
including standards for PM. The
purpose of the diesel fuel component of
the rulemaking is to make it
technologically feasible for engine
manufacturers and emissions control
device makers to produce engines in
which dpm emissions are limited to
desired levels in this and other engine
categories. The EPA’s rule will reduce
pm emissions from new heavy-duty
engines to 0.01 g/bhp-hr, a reduction
from the current 0.1 g/bhp-hr. MSHA
assumes it will be some time before
there is a significant supply of engines
that can meet this standard, and the fuel
supply to make that possible.

EPA Emissions Standards for
Nonroad Engines. Nonroad engines are
those designed primarily to power small
portable equipment such as compressors
and generators, large construction
equipment such as haul trucks, loaders
and graders, locomotives and other
miscellaneous equipment with non-
highway uses. Engines of this type are
the ones used most frequently in the
underground coal mines to power
equipment.

Nonroad diesel engines were not
subjected to emission controls as early
as other diesel engines. The 1990 Clean
Air Act Amendments specifically
directed EPA to study the contribution
of nonroad engines to air pollution, and
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regulate them if warranted (Section 213
of the Clean Air Act). In 1991, EPA
released a study that documented higher
than expected emission levels across a
broad spectrum of nonroad engines and
equipment (EPA Fact Sheet, EPA420-F—
96-009, 1996). In response, EPA
initiated several regulatory programs.
One of these set Tier 1 emission
standards for larger land-based nonroad
engines (other than for rail use). Limits
were established for engine emissions of
hydrocarbons, carbon monoxide, NOx,
and dpm. The limits were phased in
with model years from 1996 to 2000.
With respect to particulate matter, the
rules required that starting in model
year 1996, nonroad engines from 175 to
750 hp meet a limit on pm emissions of
0.4 g/bhp-hr, and that starting in model
year 2000, nonroad engines over 750 hp
meet the same limit.

Particulate matter standards for
locomotive engines were set
subsequently (63 FR 18978, April,

1998). The standards are different for
line-haul duty-cycle engine and switch
duty-cycle engines. For model years
from 2000-2004, the standards limit pm
emissions to 0.45 g/bhp-hr and 0.54 g/
bhp-hr respectively for those engines;
after model year 2005, the limits drop to
0.20 g/bhp-hr and 0.24 g/bhp-hr
respectively.

In October 1998, EPA established
additional standards for nonroad
engines (63 FR 56968). Among these are
gaseous and particulate matter limits for
the first time (Tier 1 limits) for nonroad
engines under 50 hp. Tier 2 emissions
standards for engines between 50 and
175 hp include pm standards for the
first time. Moreover, they establish Tier
2 particulate matter limits for all other
land-based nonroad engines (other than
locomotives which already had Tier 2
standards). Some of the non-particulate
emissions limits set by the 1998 rule are
subject to a technology review in 2001
to ensure that the levels required to be

met are feasible; EPA has indicated that
in the context of that review, it intends
to consider further limits for particulate
matter, including transient emission
measurement procedures. Because of
the phase-in of these Tier 2 pm
standards, and the fact that some
manufacturers will produce engines
meeting the standard before the
requirements go into effect, there are or
soon will be some Tier 2 pm engines in
some sizes available, but it is likely to
be a few years before a full size range
of Tier 2 pm nonroad engines is
available.

Table II-3, EPA NonRoad Engine PM
Requirements, provides a full list of the
EPA required particulate matter
limitations on nonroad diesel engines.
For example, a nonroad engine of 175
hp produced in 2001 must meet a
standard of 0.4 g/hp-hr; a similar engine
produced in 2003 or thereafter must
meet a standard of 0.15 g/hp-hr.

TABLE |I-3.—EPA NONROAD ENGINE PM REQUIREMENTS

) Year first PM limit (g/
kW range Tier applicable kW-hr)(g

KW KB ettt et ettt ettt et e et e e ettt e bt e e aee e bt e eateeateeeabeeaheeate e ettt ebeeaaeeebeeeteeateeenteeateeenteeaaeeereeareeans 1 2000 1.00
2 2005 0.80

BEKWSTO ettt et e e et e et e e teeeateeebeeeateeaaeeeabeeaaee e beeeaeeeateeeateebeeaateeateeeareeateeenbeeaaeeanreas 1 2000 0.80
TOSKWW BT ittt ettt e e e e e et e e e e e e e e ee et baaeeeeeeeaaabaaeeeeeeaaaataaeaeeeeaaaabrreaaeeeaaaabaereeeeeeannrranees 1 1999 0.80
2 2004 0.60

YA £ TSRS PPN 1 1998 | .,
2 2004 0.40

TESKWCTB0 .oeiiiiiiiieeiecitte et e e ettt e e e e et e e e e e e e e e aaseeeeeeeaeasaaeeeaeesaaaassaeeeeaeaaassasseeeesaasssaneeeeeeeanssnaseeeseannnes 1 1997 | e,
2 2003 0.30

TBOSKWK225 ...ttt e e e e e et e e e e e e e e atbaaeeeeeeesaasbaseeeeesaasasaeeeeeeesasbaseseeeeeaaassaneeeeeseansnnnnnees 1 1996 0.54
2 2003 0.20

22B5SKWSAS0 ...oviiiieeeeeitie et eeee et e e e e ettt e e e e e e eeaaaeeeeeeee et aaeeeeeesaaasbaeeaeeeaanbaaaeeeeeaaaanraneeeeeeeanrraeeaeeeaannes 1 1996 0.54
2 2001 0.20

ABOSKWESEB0 ...vveeiieeieiititieee e e e e ettt e e et ettt eeeeeeeeabaaeeeeeeeaeasssaaeeeessaasassaeeeeseaaassasseeeeeeasssaneeeeeesansrraseeeseaannnes 1 1996 0.54
2 2002 0.20

KWW5B0 ....iuiiiiiieeeieiitiete e e e e e ettt e e e e et aaa et e e e e e eeabaaeeeeeeeaassaeeeeeeeeasbsseeeeeea e atbaeeeeaesaabarareeeeeaaaarrnreeeeeeannrranees 1 2000 0.54
2 2006 0.20

The Impact of EPA Engine Emission
Standards on the Underground Metal
and Nonmetal Mining Fleet. In the
mining industry, engines and
equipment are often purchased in used
condition. Thus, many of the diesel
engines in an underground mine’s fleet
may only meet older environmental
emission standards, or no
environmental standards at all.

By requiring that underground coal
mine engines be approved, MSHA
regulations have led to a less polluting
fleet in that sector than would otherwise
be the case. Many highly polluting
engines have been barred or phased out
as a result. As noted in Part IV of this
preamble, such a requirement for the
underground metal and nonmetal sector
is being added by this rulemaking;

however, it will be some time before its
effects are felt. Moreover, although the
environmental tailpipe requirements
will bring about gradual reduction in
the overall contribution of diesel
pollution to the atmosphere, the
beneficial effects on mining
atmospheres may require a long
timeframe absent actions that accelerate
the turnover of mining fleets to engines
that emit less dpm.

The Question of Nanoparticles.
Comments received from several
commenters on the proposed rule for
diesel particulate matter exposure of
underground coal miners raised
questions relative to “nanoparticles’;
i.e., particles found in the exhaust of
diesel engines that are characterized by
diameters less than 50 nanometers (nm).

As the topic may be of interest to this
sector as well, MSHA’s discussion on
the topic is being repeated in this

preamble for informational purposes.

One commenter was concerned about
recent indications that nanoparticles
may pose more of a health risk than the
larger particles that are emitted from a
diesel engine. This commenter
submitted information demonstrating
that nanoparticles emitted from the
engine could be effectively removed
from the exhaust using aftertreatment
devices such as ceramic traps. Another
commenter was concerned that MSHA’s
proposed rule for underground coal
mines is based on removing 95% of the
particulate by mass. His concern was
focused on the fact that this reduction
in mass was attributed to those particles
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greater than 0.1um but less than 1um
and did not address the recent scientific
hypothesis that it may be the very small
nanopaticles that are responsible for
adverse health effects. Based on the
recent specific information on the
potential health effects resulting from
exposure to nanoparticles, this
commenter did not believe that the risk
to cancer would be reduced if exposure
levels to nanoparticles increased. He
indicated that studies suggest that the

increase in nanoparticles will exceed 6
times their current levels.

Current environmental emission
standards established by EPA and
CARB, and the particulate index
calculated by MSHA, focus on the total
mass of diesel particulate matter emitted
by an engine—for example, the number
of grams per some unit of measure (i.e.,
grams/brake-horsepower). Thus, the
technology being developed by the
engine industry to meet the standards

accordingly focuses on reducing the
mass of dpm being emitted from the
engine.

There is some evidence, however, that
some aspects of this new technology,
particularly fuel injection, is resulting in
an increase in the number of
nanoparticles being emitted from the
engine.

BILLING CODE 4510-43-P
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Figure I

illustrates this situation

I-3, repeated here from sgsection 2 of this Part,

June, 1998).

(Majewski, W. Addy, Diesel Progress,
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The formation of particulates starts
with particle nucleation followed by
subsequent agglomeration of the nuclei
particles into an accumulation mode.
Thus, as illustrated in Figure II-3, the
majority of the mass of dpm is found in
the accumulation mode, where the
particles are generally between 0.1 and
1 micron in diameter. However, when
considering the number of particles
emitted from the engine, more than half
and sometimes almost all of the
particles (by number) are in the nuclei
mode.

Various studies have demonstrated
that the size of the particles emitted
from the new low emission diesel
engines, has shifted toward the
generation of nuclei mode particles. One
study compared a comparable 1991
engine to its 1988 counterpart. The total
PM mass in the newer engine was
reduced by about 80%; but the new
engine generated thousands of times
more particles than the older engine
(3000 times as much at 75 percent load
and about 14,000 times as much at 25
percent load). One hypothesis offered
for this phenomenon is that the cleaner
engines produce less soot particles on
which particulates can condense and
accumulate, and hence they remain in
nuclei mode. The accumulation
particles act as a “‘sponge” for the
condensation and/or adsorption of
volatile materials. In the absence of that
sponge, gas species which are to become
liquid or solid will nucleate to form
large numbers of small particles
(diesel.net technology guide). Mayer,
while pointing out that nanoparticle
production was a problem with older
engines as well, concurs that the
technology being used to clean up
pollution in newer engines is not having
any positive impact on nanoparticle
production. While there is scientific
evidence that the newer engines,
designed to reduce the mass of
pollutants emitted from the diesel
engine, emit more particles in the nuclei
mode, quantifying the magnitude of
these particles has been difficult
because as dpm is released into the
atmosphere the diesel particulate
undergoes very complex changes. In
addition, current testing procedures can
produce spurious increases in the
number of nanoparticles that would not
necessarily occur under more realistic
atmospheric conditions.

Experimental work conducted at
WVU (Bukarski) indicate that
nanoparticles are not generated during
the combustion process, but rather
during various physical and chemical
processes which the exhaust undergoes
in after treatment systems.

While current medical research
findings indicate that small particulates,
particularly those below 2um in size,
may be more harmful to humans than
the larger ones, much more medical
research and diesel emission studies are
needed to fully characterize diesel
nanoparticles emissions and their
impact on human health. If
nanoparticles are found to have an
adverse health impact by virtue of size
and number, it could require significant
adjustments in environmental engine
emission regulation and technology. It
could also have implications for the
type of controls utilized, with some
asserting that aftertreatment filters are
the only effective way to limit the
emission of nanoparticles and others
asserting that aftertreatment filters may
under certain circumstances limit the
number of nanoparticles.

Research on nanoparticles and their
health effects is currently a topic of
investigation. (Bagley et al., 1996, EPA
Grant). Based on the comments received
and a review of the literature currently
available on the nanoparticle issue,
MSHA believes that, at this time,
promulgation of the final rules for
underground coal and metal and
nonmetal mines is necessary to protect
miners. The nanoparticle issues
discussed above will not be resolved for
some time because of the extensive
research required to address the
questions raised.

(6) Methods for controlling dpm
concentrations in underground metal
and nonmetal mines

As discussed in the last section, the
introduction of new engines
underground will certainly play a
significant role in reducing the
concentration of dpm in underground
metal/nonmetal mines. There are,
however, many other approaches to
reducing dpm concentrations and
occupational exposures to dpm in
underground metal/nonmetal mines.
Among these are: aftertreatment devices
to eliminate particulates emitted by an
engine; altering fuel composition to
minimize engine particulate emission;
maintenance practices and diagnostic
systems to ensure that fuel, engine and
aftertreatment technologies work as
intended to minimize emissions;
enhancing ventilation to reduce
particulate concentrations in a work
area; enclosing workers in cabs or other
filtered areas to protect them from
exposure; and work and fleet practices
that reduce miner exposures to
emissions.

As noted in section 9 of this Part,
information about these approaches was
solicited from the mining community in

a series of workshops in 1995, and
highlights were published by MSHA as
an appendix to the proposed rule on
dpm “Practical Ways to Control
Exposure to Diesel Exhaust in Mining—
a Toolbox.” During the hearings and in
written comments on this rulemaking,
mention was made of all these control
methods.

This section provides updated
information on two methods for
controlling dpm emissions:
aftertreatment devices and diesel fuel
content. There was considerable
comment on aftertreatment devices
because MSHA'’s proposed rule would
require high-efficiency particulate filters
be installed on a certain percentage of
the fleet in order to meet both the
interim and final dpm concentration;
and the current and potential efficiency
of such devices remains an important
issue in determining the technological
and economic feasibility of the final
rule. Moreover, some commenters
strongly favored the use of oxidation
catalytic converters, a type of
aftertreatment device used to reduce
gaseous emission but which can also
impact dpm levels. Accordingly,
information about such devices is
reviewed here. With respect to diesel
fuel composition, a recent rulemaking
initiative by EPA, and actions taken by
other countries in this regard, are
discussed here because of the
implications of such developments for
the mining community.

Emissions aftertreatment devices. One
of the most discussed approaches to
controlling dpm emissions involves the
use of devices placed on the end of the
tailpipe to physically trap diesel
particulate emissions and thus limit
their discharge into the mine
atmosphere. These aftertreatment
devices are often referred to as “particle
traps” or “soot traps”, but the term filter
is often used. The two primary
categories of particulate traps are those
composed of ceramic materials (and
thus capable of handling uncooled
exhaust), and those composed of paper
materials (which require the exhaust to
first be cooled). Typically, the latter are
designed for conventional permissible
equipment mainly used in coal mining
which have water scrubbers installed
which cool the exhaust. However,
another alternative that is now utilized
in coal is the “dry system technology”
which cools the diesel exhaust with a
heat exchanger and then uses a paper
filter. The dry system was first
developed for oil shale mining
applications where permissibility was
required. However, when development
of the oil shale industry faltered,
manufacturers looked to coal mining for
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application of the dry system
technology. However, dry systems could
be used as an alternative to the wet
scrubbers for the relatively small
number of permissible machines used in
the metal/nonmetal industry. In
addition, “oxidation catalytic
converters,” devices used to limit the
emission of diesel gases, and “water
scrubbers”, devices used to cool the
exhaust gases, are discussed here as
well, because they also can have a
significant effect on limiting particle
emission.

Water Scrubbers. Water scrubbers are
devices added to the exhaust system of
certain diesel equipment. Water
scrubbers are essentially metal boxes
containing water through which the
diesel exhaust gas is passed. The
exhaust gas is cooled, generally to below
170 degrees F. A small fraction of the
unburned hydrocarbons are condensed
and remain in the water along with a
portion of the dpm. Tests conducted by
the former Bureau of Mines and others
indicate that no more than 20 to 30
percent of the dpm is removed. This
information was presented in the
Toolbox publication. The water
scrubber does not remove any of the
carbon monoxide, the oxides of
nitrogen, or any other gaseous emission
that remains a gas at room temperature
so their effectiveness as aftertreatment
devices is questionable.

The water scrubber does serve as an
effective spark and flame arrester and as
a means to cool the exhaust gas when
permissibility is required.
Consequently, it is used in the majority
of the permissible diesel equipment in
mining as part of the safety components
needed to gain MSHA approval.

The water scrubber has several
operating characteristics which keep it
from being a candidate for use as an
aftertreatment device on nonpermissible
equipment. The space required on the
vehicle to store sufficient water for an
8 hour shift is not available on some
equipment. Furthermore, the exhaust
contains a great deal of water vapor
which condenses under some mining
conditions creating a fog which can
adversely effect visibility. Also,
operation of the equipment on slopes
can cause the water level in the scrubber
to change resulting in water being
blown out the exhaust pipe. Control
devices are sometimes placed within the
scrubber to maintain the appropriate
water level. Because these devices are in
contact with the water through which
the exhaust gas has passed, they need
frequent maintenance to insure that they
are operating properly and have not
been corroded by the acidic water
created by the exhaust gas. The water

scrubber must be flushed frequently to
remove the acidic water and the dpm
and other exhaust residue which forms
a sludge that adversely effects the
operation of the unit. These problems,
coupled with the relatively low dpm
removal efficiency, have prevented
widespread use of water scrubbers as a
dpm control device on nonpermissible
equipment.

Oxidation Catalytic Converters.
Oxidation catalytic converters (OCCs)
were among the first devices added to
diesel engines in mines to reduce the
concentration of harmful gaseous
emissions discharged into the mine
environment. OCCs began to be used in
underground mines in the 1960’s to
control carbon monoxide, hydrocarbons
and odor. That use has been
widespread. It has been estimated that
more than 10,000 OCCs have been put
into the mining industry over the years.

Several of the harmful emissions in
diesel exhaust are produced as a result
of incomplete combustion of the diesel
fuel in the combustion chamber of the
engine. These include carbon monoxide
and unburned hydrocarbons including
harmful aldehydes. Catalytic converters,
when operating properly, remove
significant percentages of the carbon
monoxide and unburned hydrocarbons.
Higher operating temperatures, achieved
by hotter exhaust gas, improve the
conversion efficiency.

Oxidation catalytic converters operate
by, in effect, continuing the combustion
process outside the combustion
chamber. This is accomplished by
utilizing the oxygen in the exhaust gas
to oxidize the contaminants. A very
small amount of material with catalytic
properties, usually platinum or some
combination of the noble metals, is
deposited on the surfaces of the
catalytic converter over which the
exhaust gas passes. This catalyst allows
the chemical oxidation reaction to occur
at a lower temperature than would
normally be required.

For the catalytic converter to work
effectively, the exhaust gas temperature
must be above 370 degrees Fahrenheit
for carbon monoxide and 500 degrees
Fahrenheit for hydrocarbons. Most
converters are installed as close to the
exhaust manifold as possible to
minimize the heat loss from the exhaust
gas through the walls of the exhaust
pipe. Insulating the segment of the
exhaust pipe between the exhaust
manifold and the catalytic converter
extends the portion of the vehicle duty
cycle in which the converter works
effectively.

The earliest catalytic converters for
mining use consisted of alumina pellets
coated with the catalytic material and

enclosed in a container. The exhaust gas
flowed through the pellet bed and the
exhaust gas came into contact with the
catalyst. Designs have evolved, and the
most common design is a metallic
substrate, formed to resemble a
honeycomb, housed in a metal shell.
The catalyst is deposited on the surfaces
of the honeycomb. The exhaust gas
flows through the honeycomb and
comes into contact with the catalyst.

Soon after catalytic converters were
introduced, it became apparent that
there was a problem brought about by
the sulfur found in diesel fuels in use
at that time. Most diesel fuels in the
United States contained anywhere from
0.25 to 0.50 percent sulfur or more on
a mass basis. In the combustion
chamber, this sulfur was converted to
S0O,, SO3, or SO4 in various
concentrations, depending on the
engine operating conditions. In general,
most of the sulfur was converted to
gaseous SO,. When exhaust containing
the gaseous sulfur dioxide passed
through the catalytic converter, a large
proportion of the SO, was converted to
solid sulphates which are in fact, diesel
particulate. Sulfates can “poison” the
catalyst, severely reducing its life.

Recently, as described elsewhere in
this preamble, the EPA required that
diesel fuel used for over the road trucks
contain no more than 500 ppm sulfur.
This action made low sulfur fuel
available throughout the United States.
MSHA, in its recently promulgated
regulations for the use of diesel powered
equipment in underground coal mines
requires that this low sulfur fuel be
used. MSHA is now extending this
requirement for low sulfur fuel
(<500ppm) to underground metal/
nonmetal mines in this final rule. When
the low sulfur fuel is burned in an
engine and passed through a converter
with a moderately active catalyst, only
small amounts of SO, and additional
sulfate based particulate are created.
However, when a very active catalyst is
used, to lower the operating temperature
of the converter or to enhance the CO
removal efficiency, even the low sulfur
fuel has sufficient sulfur present to
create an SO, and sulfate based
particulate problem. Consequently, as
discussed later in this section, the EPA
has notified the public of its intentions
to promulgate regulations that would
limit the sulfur content of future diesel
fuel to 15 ppm for on-highway use in
2006.

The particulate reduction capabilities
of some OCCs are significant in
gravimetric terms. In 1995, the EPA
implemented standards requiring older
buses in urban areas to reduce the dpm
emissions from rebuilt bus engines. (40
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CFR 85.1403). Aftertreatment
manufacturers developed catalytic
converter systems capable of reducing
dpm by 25%. Such systems are
available for larger diesel engines
common in the underground metal and
nonmetal sector. However, as has been
pointed out by Mayer, the portion of
particulate mass that seems to be
impacted by OCCs is the soluble
component, and this is a smaller
percentage of particulate mass in utility
vehicle engines than in automotive
engines. Moreover, some measurements
indicate that more than 40% of NO is
converted to more toxic NO,, and that
particulate mass actually increases
using an OCC at full load due to the
formation of sulfates. In summation,
Mayer concluded that the OCCs do not
reduce the combustion particulates,
produce sulfate particulates, have
unfavorable gaseous phase reactions
increasing toxicity, and that the positive
effects are irrelevant for construction
site diesel engines. Indeed, he indicates
the negative effects outweigh the
benefits. (Mayer, 1998. The Phase 1
interim data report of the Diesel
Emission Control-Sulfur Effects (DECSE)
Program (a joint government-industry
program to explore lower sulfur content
that is discussed in more detail later in
this section) similarly indicates that
using OCCs under certain operating
conditions can increase dpm emissions
due to an increase in the sulfate fraction
(DECSE Program Summary, Dec. 1999).
Another commenter also notes that
oxidation catalytic activity can increase
sulfates and submicron particles under
certain operating conditions.

Other commenters during the
rulemaking strongly supported the use
of OCCs as an interim measure to reduce
particulate and other diesel emission to
address transitory employee effects that
were mentioned in the proposed
preamble. MSHA views the use of OCCs
as one tool that mine operators can use
to reduce the dpm emissions from
certain vehicles alone or in combination
of other aftertreatment controls to meet
the interim and final dpm standards.
The overall reduction in dpm emissions
achieved with the exclusive use of an
OCC is low compared to the reductions
required to meet the standards. MSHA
is aware of the negative effects produced
by OCCs. However, with the use of low
sulfur fuel and a catalyst that is
formulated for low sulfate production,
this problem can be resolved. Mine
operators must work with aftertreatment
manufacturers to come up with the best
plan for their fleet for dpm control.

Hot gas filters. Throughout this
preamble, MSHA is referring to the
particulate traps (filters) that can be

used in the undiluted hot exhaust
stream from the diesel engine as hot gas
filters. Hot gas filters refer to the current
commercially available particulate
filters, such as ceramic cell, woven fiber
filters, sintered metal filters, etc.

Following publication of EPA rules in
1985 limiting diesel particulate
emissions from heavy duty diesel
engines, aftertreatment devices capable
of significant reductions in particulate
levels began to be developed for
commercial applications.

The wall flow type ceramic
honeycomb diesel particulate filter
system was initially the most promising
approach. These consisted of a ceramic
substrate encased in a shock and
vibration absorbing material and
covered with a protective metal shell.
The ceramic substrate is arranged in the
shape of a honeycomb with the
openings parallel to the centerline. The
ends of the openings of the honeycomb
cells are plugged alternately. When the
exhaust gas flows through the
particulate trap, it is forced by the
plugged end to flow through the ceramic
wall to the adjacent passage and then
out into the mine atmosphere. The
ceramic material is engineered with
pores in the ceramic material
sufficiently large to allow the gas to pass
through without adding excessive back
pressure on the engine, but small
enough to trap the particulate on the
wall of the ceramic material.
Consequently, these units are called
wall flow traps.

Work with ceramic filters in the last
few years has led to the development of
the ceramic fiber wound filter cartridge
(SAE, SP-1073, 1995). The ceramic fiber
has been reported by the manufacturer
to have dpm reduction efficiencies up to
80 percent. This system has been used
on vehicles to comply with German
requirements that all diesel engines
used in confined areas be filtered. Other
manufacturers have made the wall flow
type ceramic honeycomb dpm filter
system commercially available to meet
the German standard.

The development of these devices has
proceeded in response to international
and national efforts to regulate dpm
emissions. However, due to the
extensive work performed by the engine
manufacturers on new technological
designs of the diesel engine’s
combustion system, and the use of low
sulfur fuel, particulate traps turned out
to be unnecessary to comply with the
EPA standards of the time for vehicle
engines.

These devices proved to be very
effective at removing particulate
achieving particulate removal
efficiencies of greater than 90 percent.

It was quickly recognized that this
technology, while not immediately
required for most vehicles, might be
particularly useful in mining
applications. The former Bureau of
Mines investigated the use of catalyzed
diesel particulate filters in underground
mines in the United States (BOM, RI-
9478, 1993). The investigation
demonstrated that filters could work,
but that there were problems associated
with their use on individual unit
installations, and the Bureau made
recommendations for installation of
ceramic filters on mining vehicles.

Canadian mines also began to
experiment with ceramic traps in the
1980’s with similar results (BOM, IC
9324, 1992). Work in Canada today
continues under the auspices of the
Diesel Emission Evaluation Program
(DEEP), established by the Canadian
Centre for Mineral and Energy
Technology in 1996 (DEEP Plenary
Proceedings, November 1996). The goals
of DEEP are to: (1) Evaluate aerosol
sampling and analytical methods for
dpm; and (2) evaluate the in-mine
performance and costs of various diesel
exhaust control strategies.

Perhaps because experience is still
limited, the general perception within
the mining industry of the state of this
technology in recent years is that it
remains limited in certain respects; as
expressed by one commenter at one of
the MSHA workshops in 1995, “while
ceramic filters give good results early in
their life cycle, they have a relatively
short life, are very expensive and
unreliable.”

One commenter reported
unsuccessful experiments with ceramic
filters in 1991 due to their inability to
regenerate at low temperatures, lack of
reliability, high cost of purchase and
installation, and short life.

In response to the proposed rule,
MSHA received a variety of information
and claims about the current efficiency
of such technologies. Commenters
stated that in terms of technical
feasibility to meet the standards, the
appropriate aftertreament controls are
not readily available on the market for
the types and sizes of equipment used
in underground mines. Another
commenter stated that MSHA has not
identified a technology capable of
meeting the proposed standards at their
mine and they were not aware of any
technology currently available or on the
horizon that would be capable of
attaining the standards. Yet another
commenter stated that both ceramic and
paper filters are not technically feasible
at their mine because of the high
operating temperatures needed to
regenerate filters or the difficulties
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presented by periodic removal of the
filters for regeneration. Periodic removal
of fragile ceramic filters subjects them to
chipping and cracking and requires a
large inventory of surplus filters.
Commenter also stated that paper filters
require exhaust gas cooling so that the
paper filter does not burn. Commenter
stated that they have been working with
a manufacturer on installing one of
these on a piece of equipment, but it is
experimental and this installation was
the first time a paper filter would be
used on equipment of this size and type.

In response to the paper filter
comment, dry system technology as
described above was first tested on a
large haul truck used in oil shale mining
and then later applied to coal mining
equipment. Paper filter systems have
also been successfully installed on coal
mining equipment that is identical to
LHD machines used in metal/nonmetal
mines. Therefore this technology has
been applied to engine of the type and
size used in metal/nonmetal mines.
Commenters have stated that filters are
not feasible at this time from the above
comments. However, MSHA believes
that the technology needed to reduce
dpm emissions to both the interim and
final standards is feasible. Much work
has occurred in the development of
aftertreatment controls, especially OCCs
and hot gas filters. Aftertreatment
control manufacturers have been
improving both OCCs and ceramic type
filters to provide better performance and
reliability. New materials are currently
available commercially and new filter
systems are being developed especially
in light of the recent requirements in
Europe and the new proposals from the
EPA. Consequently, MSHA does not
agree with the commenter concerning
chipping of the traps when removed. As
stated, manufacturers have designed
systems to either be removed easily or
even regenerated on the vehicle by
simply plugging the unit in without
removing the filter.

Two groups in particular have been
doing some research comparing the
efficiency of recent ceramic models:
West Virginia University, as part of that
State’s efforts to develop rules on the
use of diesel-powered equipment
underground; and VERT (Verminderung
der Emissionen von Realmaschinen in
Tunnelbau), a consortium of several
European agencies conducting such
research in connection with major
planned tunneling projects in Austria,
Switzerland and Germany to protect
occupational health and subsequent
legislation in each of the three countries
restricting diesel emissions in
tunneling.

The State of West Virginia legislature
enacted the West Virginia Diesel Act,
thereby creating the West Virginia
Diesel Commission and setting forth an
administrative vehicle to allow and
regulate the use of diesel equipment in
underground coal mines in West
Virginia. West Virginia University was
appropriated funds to test diesel
exhaust controls, as well as an array of
diesel particulate filters. The University
was asked to provide technical support
and data necessary for the Commission
to make decisions on standards for
emission controls. Even though the
studies were intended for the
Commission’s work for underground
coal, the control technologies tested are
relevant to metal/nonmetal mines.

The University reported data on four
different engines and an assortment of
configurations of available control
devices, both hot gas filters and the
DST® system, a system which first cools
the exhaust and then runs it through a
paper filter. The range of collection
efficiencies reported for the ceramic
filters and oxidation catalysts combined
fell between 65% and 78%. The highest
collection efficiency obtained using the
ISO 8 mode test cycle (test cycle
described in rule) was 81% on the DST®
system (intended for coal use). The
University did report problems with this
system that would account for the lower
than expected efficiency for a paper
filter type system.

VERT’s studies of particulate traps are
detailed in two articles published in
1999 which have been widely
disseminated to the diesel community
here through www.DieselNet.com. The
March article focuses on the efficiency
of the traps; the April article compares
the efficiency of other approaches
(OCGs, fuel reformulation, engine
modifications to reduce ultra-fine
particulates) with that of the traps. Here
we focus only on the information about
particulate traps.

The authors of the March article
report that 29 particulate trap systems
were tested using various ceramic, metal
and fiber filter media and several
regeneration systems. The authors of the
March article summarize their
conclusions as follows:

The results of the 4-year investigations of
construction site engines on test rigs and in
the field are clear: particulate trap technology
is the only acceptable choice among all
available measures. Traps proved to be an
extremely efficient method to curtail the
finest particles. Several systems
demonstrated a filtration rate of more than
99% for ultra-fine particulates. Specific
development may further improve the
filtration rate.

A two-year field test, with subsequent trap
inspection, confirmed the results pertaining

to filtration characteristics of ultra-fine
particles. No curtailment of the ultra-fine
particles is obtained with any of the
following: reformulated fuel, new lubricants,
oxidation catalytic converters, and
optimization of the engine combustion.

Particulate traps represent the best
available technology (BAT). Traps must
therefore be employed to curtail the
particulate emissions that the law demands
are minimized. This technology was
implemented in occupational health
programs in Germany, Switzerland and
Austria.

On the bench tests, it appears that the
traps reduce the overall particulate
matter by between 70 and 80%, with
better results for solid ultrafine
particulates; under hot gas conditions, it
appears the non-solid components of
particulate matter cannot be dependably
retained by these traps. Consistent with
this finding, it was found that
polycyclic aromatic hydrocarbons
(PAHs) decreased proportionately to the
gravimetric decrease of carbon mass.
The tests also explored the impact of
additives on trap efficiency, and the
impact of back pressure.

The field tests confirmed that the
traps were easy to mount and retained
their reliability over time, although
regeneration was required when low
exhaust temperatures failed to do this
automatically. Electronic monitoring of
back pressure was recommended. In
general, the tests confirmed that a whole
series of trap systems have a high
filtration rate and stable long time
properties and are capable of performing
under difficult construction site
conditions. Again, the field tests
indicated a very high reduction (97—
99%) of particulates by count, but a
lower rate of reduction in terms of mass.

Subsequently, VERT has evaluated
additional commercially available filter
systems. The filtration efficiency,
expressed on a gravimetric basis is
shown in the column headed “PMAG—
without additive”. The filtration
efficiencies determined by VERT for
these 6 filter systems range from 80.7%
to 94.5%. The average efficiency of
these filters is 87%. MSHA will be
updating the list of VERT’s evaluated
systems as they become available.

VERT has also published information
on the extent of dpm filter usage in
Europe as evidence that the filter
technology has attained wide spread
acceptance. This information is
included in the record of the coal dpm
rulemaking where it has particular
significance; it is noted here for
informational purposes. The
information isn’t critical in this case
because operators have a choice of
controls. MSHA didn’t explicitly add
the latest VERT data to the Metal/
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Nonmetal record during the latest
reopening of the record. MSHA believes
this information is relevant to metal/
nonmetal mining because the tunneling
equipment on which these filters are
installed is similar to metal/nonmetal
equipment. VERT stated that over 4,500
filter systems have been deployed in
England, Scandinavia, and Germany.

Deutz Corporation has deployed 400
systems (Deutz’s design) with full flow
burners for regeneration of filters
installed on engines between 50—600kw.
The company Oberland-Mangold has
approximately 1,000 systems in the field
which have accumulated an average of
8,400 operating hours in forklift trucks,
10,600 operating hours in construction

site engines, and 19,200 operating hours
in stationary equipment. The company
Unikat has introduced in Switzerland
over 250 traps since 1989 and 3,000
worldwide with some operating more
than 20,000 hours. German industry
annually installs approximately 1,500
traps in forklifts.

BILLING CODE 4510-43-P
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Table II-4
Efficiency of Diesel Particulate Traps VERT-Certification Test
Average 4 operation points, ISO 8187

PMAG PZAG ECAG
Trap Date
without with without with without with
Additiv | Additive | Additive | Additive | Additive | Additive
e
3M VERT- 80.7 - 98.6 99.6 - -
Certific
Oberland ation 90.5 - 98.4 99.4 - -
Test
JMC Part 1 94.5 - 99.3 - - -
(new)
IBIDEN 87.2 - 99.9 - - -
Corning 84.9 - 99.5 99.8 - -
HJS/CRT 83.8 - 99.4 - 98.2 -
SHW (LIB1) After 3.2 22.2 96.3 97.1 - 93.1
VERT
SHW (CAT1) Field 77.5 87.6 97.8 98.8 97.2 96.5
Test
BUCK (LIB2) Part 3 76.5 81.0 95.4 97.8 94.0 95.5
(after 2
BUCK (CAT3) 2000 64 .2 76.2 91.0 96.8 (87.0) 95.3
hrs)
ECS (LIB3) 12.4 43.0 99.9 99.9 99.3 99.0
DEUTZ (LIB4) (70.5) (76.1) (86.6) (91.6) (84.2)
1
54.7 76.2 99.0 99.6 98.1 98.4
UNIKAT (CAT4)
AVERAGE 66.4 98.3 97.2
Y small melting damage
2} Uncertain data

3 Coulometry is optional for VERT certification test

PMAG:Efficiency according to Total Particulate Mass PM
PZAG:Efficiency according to Integrated Particulate Count (20 - 300 nm) PZ
ECAG:Efficiency according to Elementary Carbon EC (2 state Coulometry)

PMAG =ﬂ..before trap ___ﬂd_.after trapF =_PM Ref. - PM after trap (X 100%)
PM before trapF PM Ref

PZAG = %—before trap — PZ after trap _=.P_ZRef - PZ after trap (X 100%)

PZ pefore trap PZ et

Penetration = 1 - Efficiency = = PZ fierpr (X 100%)

PZ Ref

<BILLING CODE 4510-43-C
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Some commenters asserted that the
VERT work was for relatively small
engines and not for large engines, i.e.,
600-700 hp, and hence could not be
relied upon to demonstrate the
availability of filters of such high
efficiencies for the larger equipment
used in some underground mines.
MSHA believes this comment is
misplaced. The efficiency of a filter is
attributable to the design of the filter
and not the size of the engine. VERT is
documenting filter efficiencies of
commercially available filters. It is
customary in the industry, however, for
the filter manufacturer to size the filter
to fit the size of the engine. The mine
operator must work with the filter
manufacturer to verify that the filter
needed will work for the intended
machine. MSHA believes that this is no
different for other types of options
installed on machines for underground
mining use.

More information about the results of
the VERT tests on specific filters, and
how MSHA intends to use this
information to aid the mining industry
to comply with the requirements of the
standards are discussed in Part IV of
this preamble.

The accumulated dpm must be
removed from all particulate traps
periodically. This is usually done by
burning off the accumulated particulate
in a controlled manner, called
regeneration. If the diesel equipment on
which the trap is installed has a duty
cycle which creates an exhaust gas
temperature greater than about 650
degrees Fahrenheit for more than 25
percent of the operating time, the unit
will be self cleaning. That is, the hot
exhaust gas will burn off the particulate
as it accumulates. Unfortunately, only
hard working equipment, such as load-
haul-dump and haulage equipment
usually satisfies the exhaust gas
temperature and duration requirements.

Techniques are available to lower the
temperature required to initiate the
regeneration. One technique under
development is to use a fuel additive. A
comparatively small amount of a
chemical is added to the diesel fuel and
burns along with the fuel in the
combustion chamber. The additive is
reported to lower the required
regeneration temperature significantly.
The additive combustion products are
retained as a residue in the particulate
trap. The trap must be removed from the
equipment periodically to flush the
residue. Another technique used to
lower the regeneration temperature is to
apply a catalyst to the surfaces of the
trap material. The action of the catalyst
has a similar effect as the fuel additive.
The catalyst also lowers the

concentration of some gaseous
emissions in the same manner as the
oxidation catalytic converter described
earlier.

A very active catalyst applied to the
particulate trap surfaces and a very
active catalyst in a catalytic converter
installed upstream of the trap can create
a situation in which the trap performs
less efficiently than expected. Burning
low sulfur diesel fuel, containing less
than 500 ppm sulfur, will result in the
creation of significant quantities of
sulfates in the exhaust gas. These
sulfates will still be in the gaseous state
when they reach the ceramic trap and
will pass through the trap. These
sulfates will condense later forming
diesel particulate. Special care must be
taken in the selection of the catalyst
formulation to ensure that sulfate
formation is avoided. This problem is
not present on systems which are
designed with a catalytic converter
upstream of a water scrubber. The
gaseous phase sulfates will condense
when contacting the water in the
scrubber and will not be discharged into
the mine atmosphere. Thus far, no
permissible diesel packages have been
approved which incorporate a catalytic
converter upstream of the water
scrubber.

One research project conducted by the
former Bureau of Mines which
attempted this arrangement was
unsuccessful. The means selected to
maintain a surface temperature less than
the 300 degrees Fahrenheit required for
permissibility purposes caused the
exhaust gas to be cooled to the point
that the catalytic converter did not reach
the necessary operating temperature. It
would appear that a means to isolate the
catalytic converter from the exhaust gas
water jacket is necessary for the
arrangement to function as intended.

If the machine on which the
particulate trap is installed does not
work hard enough to regenerate the trap
with the hot exhaust gas and the option
to use a fuel additive or catalyzed trap
is not appropriate, the trap can still be
regenerated while installed on the
machine. Systems are available whereby
air is heated by an externally applied
heat source and caused to flow through
the particle trap with the engine
stopped. The heat can be supplied by an
electrical resistance element installed in
front of the trap. The heat can also be
supplied by a burner installed into the
exhaust pipe in front of the trap fueled
by an auxiliary fuel line. The fuel is
ignited creating large quantities of hot
gas. With both systems, an air line is
also connected to the exhaust pipe to
create a flow of hot gases through the
particulate trap. Both systems utilize

operator panels to control the
regeneration process.

Some equipment owners may choose
to remove the particle trap from the
machine to perform the regeneration.
Particle traps are available with quick
release devices that allow maintenance
personnel to readily remove the unit
from the machine. The trap is then
placed on a specially designed device
that creates a controlled flow of heated
air that is passed through the filter
burning off the accumulated particulate.

The selection of the most appropriate
means to regenerate the trap is
dependent on the equipment type, the
equipment duty cycle, and the
equipment utilization practices at the
mine.

A program under the Canadian DEEP
project is field testing dpm filter
systems in a New Brunswick Mine. The
project is testing four filter systems on
trucks and scoops. The initial feedback
from Canada is very favorable
concerning the performance of filters.
Operators are very positive and are
requesting the vehicles equipped with
the filters because of the noticeable
improvement in air quality and an
absence of smoke even under transient
load conditions. One system being
tested utilizes an electrical heating
element installed in the filter system to
provide the heated air for regeneration
of the filter. This heating element
requires that the filter be connected to
an external electrical source at the end
of the shift. Initial results have been
successful.

Paper filters. In 1990, the former
Bureau of Mines conducted a project to
develop a means to reduce the amount
of dpm emitted from permissible diesel
powered equipment using technologies
that were available commercially and
that could be applied to existing
equipment. The project was conducted
with the cooperation of an equipment
manufacturer, a mine operator, and
MSHA. In light of the fact that all
permissible diesel powered equipment
in coal and metal/nonmetal, at that
time, utilized water scrubbers to meet
the MSHA approval requirements, the
physical characteristics of the exhaust
from that type of equipment were the
basis for the selection of candidate
technologies. The technology selected
for development was the pleated media
filter or paper filter as it came to be
called. The filter selected was an intake
air cleaner normally used for over the
road trucks. That filter was acceptable
for use with permissible diesel
equipment because the temperature of
the exhaust gas from the water scrubber
was less than 170 degrees F which was
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well below the ignition point of the
filter material.

Recognizing that under some
operating modes water would be
discharged along with the exhaust, a
water trap was installed in the exhaust
stream before it passed through the
filter. After MSHA conducted a
thorough permissibility evaluation of
the modified system, this filter was
installed on a permissible diesel coal
haulage vehicle and a series of in mine
trials conducted. It was determined, by
in mine ambient gravimetric sampling,
that the particulate filter reduced dpm
emissions by 95 percent compared to
that same machine without the filter.
The testing determined that the filters
would last between one and two shifts,
depending on how hard the equipment
worked. (BOM, IC 9324).

Following the successful completion
of the former Bureau of Mines mine
trial, several equipment manufacturers
applied for and received MSHA
approval to offer the paper filter kits as
options on a number of permissible
diesel machines. These filter kits were
installed on other machines at the mine
where the original tests were conducted,
and later, on machines at other mines.
MSHA is not aware of any paper filters
installed on permissible equipment in
m/nm to date.

Despite the initial reports on the high
efficiency of paper filters, during the
coal public hearings and in the coal
comments on this rulemaking a number
of commenters at the coal public
hearings questioned whether in practice
paper filters could achieve efficiencies
on the order of 95% when used on
existing permissible equipment. In order
to determine whether it could verify
those concerns, MSHA contracted with
the Southwest Research Institute to
verify the ability of such a filter to
reduce the dpm generated by a typical
engine used in permissible equipment.
The results of this verification effort
confirmed that paper filters has a dpm
removal efficiency greater than 95%.
The information about MSHA'’s
verification effort with respect to paper
filters is discussed in detail in
connection with the companion rule for
the coal sector, where it has particular
significance.

Dry systems technology. As
mentioned earlier, the most recently
developed means of achieving
permissibility with diesel powered
equipment in the United States is the
dry exhaust conditioning system or dry
system. This system combines several of
the concepts described above as well as
new, innovative approaches. The system
also solves some of the problems
encountered with older technologies.

The dry system in its most basic form
consists of a heat exchanger to cool the
exhaust gas, a mechanical flame arrestor
to prevent the discharge of any flame
from within the engine into the mine
atmosphere, and a spark arrestor to
prevent sparks for being discharged. The
surfaces of all of these components and
the piping connecting them are
maintained below the 300 degrees F
required by MSHA approval
requirements. A filter, of the type
normally used as an intake air filter
element, is installed in the exhaust
system as the spark arrestor. In terms of
this dpm regulation, the most significant
feature of the system is the use of this
air filter element as a particulate filter.
The filter media has an allowable
operating temperature rating greater
than the 300 degree F exhaust gas
temperature allowed by MSHA approval
regulations. These filters are reported to
last up to sixteen hours, depending on
how hard the machine operates.

The dry system can operate on any
grade without the problems encountered
by water scrubbers. Furthermore, there
is no problem with fog created by
operation of the water scrubber. Dry
systems have been installed and are
operating successfully in coal mines on
diesel haulage equipment, longwall
component carriers, longwall
component extraction equipment, and
in nonpermissible form, on locomotives.

Although the systems were originally
designed for permissible equipment
applications, they can also be used
directly on nonpermissible equipment
(whose emissions are not already
cooled), or to replace water scrubbers
used to cool most permissible
equipment with a system that includes
additional aftertreatment.

Reformulated fuels. It has long been
known that sulfur content can have a
significant effect on dpm emissions. In
its diesel equipment rule for
underground coal mines, MSHA
requires that any fuel used in
underground coal mines have less than
0.05% (500 ppm) sulfur. EPA
regulations requiring that such low-
sulfur fuel (less than 500 ppm) be used
in highway engines, in order to limit air
pollution, have in practice ensured that
this type of diesel fuel is available to
mine operators, and they currently use
this type of fuel for all engines.

EPA has proposed a rule which would
require further reductions in the sulfur
content of highway diesel fuel. Such an
action was taken for gasoline fuel on
December 21, 1999.

On May 13, 1999 (64 FR 26142) EPA
published an Advance Notice of
Proposed Rulemaking (ANPRM) relative
to changes for diesel fuel. In explaining

why it was initiating this action, EPA
noted that diesel engines “contribute
greatly”’ to a number of serious air
pollution problems, and that diesel
emissions account for a large portion of
the country’s particulate matter and
nitrogen oxides a key precursor to
ozone. EPA noted that while these
emissions come mostly from heavy-duty
truck and nonroad engines, they
expected the contribution to dpm
emissions of light-duty equipment to
grow due to manufacturers’ plans to
greatly increase the sale of light duty
trucks. These vehicles are now subject
to Tier 2 emission standards whether
powered by gasoline or diesel fuel, and
such standards may be difficult to meet
without advanced catalyst technologies
that in turn would seem to require
sulfur reductions in the fuel.

Moreover, planned Tier 3 standards
for nonroad vehicles would require
similar action (64 FR 26143). The EPA
noted that the European Union has
adopted new specifications for diesel
fuel that would limit it to 50 ppm by
2005, (an interim limit of 350 ppm by
this year), that the entire diesel fuel
supply in the United Kingdom should
soon be at 50 ppm, and that Japan and
other nations were working toward the
same goal (64 FR 26148). In the
ANPRM, the EPA specifically noted that
while continuously regenerating
ceramic filters have shown considerable
promise for limiting dpm emissions
even at fairly low exhaust temperatures,
the systems are fairly intolerant of fuel
sulfur. Accordingly, the agency hopes to
gather information on whether or not
low sulfur fuel is needed for effective
PM control (64 FR 26150). EPA’s
proposed rule was published in June
2000, (65 FR 35430) and proposed a
sulfur limit of 15 ppm for on-highway
use in 2006—-2009.

A joint government-industry
partnership is also investigating the
relationship between varying levels of
sulfur content and emissions reduction
performance on various control
technologies, including particulate
filters and oxidation catalytic
convertors. This program is supported
by the Department of Energy’s Office of
Heavy Vehicles Technologies, two
national laboratories, the Engine
Manufacturers Association, and the
Manufacturers of Emission Controls
Association. It is known as the Diesel
Emission Control-Sulfur Effects (DECSE)
Program; more information is available
from its web site, http://
www.ott.doe.gov/decse.

MSHA expects that once such cleaner
fuel is required for transportation use, it
will in practice become the fuel used in
mining as well—directly reducing
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engine particulate emissions, increasing
the efficiency of aftertreatment devices,
and eventually through the introduction
of new generation of cleaner equipment.
Mayer states that reducing sulfur
content, decreasing aromatic
components and increasing the Cetane
index of diesel fuel can generally result
in a 5% to 15% reduction in total
particulate emissions.

Meyer reports the test by VERT of a
special synthetic fuel containing neither
sulfur nor bound nitrogen nor
aromatics, with a very high Cetane
index. The fuel performed very well, but
produced only abut 10% fewer
particulates than low sulfur diesel fuel,
nor did it have the slightest
improvement in diminishing
nonparticulate emissions.

NIOSH provided information on the
work that has been done with Biodiesel
fuel. Biodiesel fuel is a registered fuel
and fuel additive with the EPA and
meets clean diesel standards established
by the California Air Resources Board.
NIOSH stated that the undisputed
consensus among the research
conducted is that the use of biodiesel
will significantly reduce dpm and other
harmful emissions in underground
mines. MSHA agrees that biodiesel fuel
is an option that mine operators can use
from the toolbox to meet the dpm
standards.

Cabs. A cab is an enclosure around
the operator installed on a piece of
mobile equipment. It can provide the
same type of protection as a booth at a
crusher station. While cabs are not
available for all mining equipment, they
are available for much of the larger
equipment that also has application in
the construction industry.

Even though cabs are not the type of
control device that is bolted onto the
exhaust of the diesel engine to reduce
emissions, cabs can protect miners from
environmental exposures to dpm. Both
cabs and control booths are discussed in
the context of reducing miners
exposures to dpm.

To be effective, a cab should be tightly
sealed with windows and doors must be
closed. Rubber seals around doors and
windows should be in good conditions.
Door and window latches should
operate properly. In addition to being
well sealed, the cab should have an air
filtration and space pressurizing system.
Air intake should be located away from
engine exhaust. The airflow should
provide one air change per minute for
the cab and should pressurize the cab to
0.20 inches of water. While these are not
absolute requirements, they do provide
a guideline of how a cab should be
designed. If a cab does not have an air
filtration and pressurizing system, the

diesel particulate concentration inside
the cab will be similar to the diesel
particulate concentration outside the
cab.

MSHA has evaluated the efficiency of
cab filters for diesel particulate
reduction (Commercial Stone Study,
PS&HTC-DD-98-346, Commercial
Stone Study, PS&kHTC-DD-99-402 and
Homestake Mine Study, PS&’HTC-DD—
00-505.) Several different types of filter
media have been tested in underground
mines. Depending on the filter media,
cabs can reduce diesel particulate
exposures by 45 to 90 percent.

(7) MSHA'’s Diesel Safety Rule for
Underground Coal Mines and its Effect
on dpm

MSHA'’s proposed rule to limit the
concentration of dpm in underground
metal and nonmetal mines included a
number of elements which have already
proven successful in helping to reduce
dpm concentrations in the coal sector.
Accordingly, this section provides some
background on the substance of the
rules that have been in effect in
underground coal mines (for more
information on the history of
rulemaking in the coal sector, please
refer to section 9 of this Part). It should
be noted, however, that not all of the
requirements discussed here are going
to be required for underground metal
and nonmetal mines; see Part IV of this
preamble for details on what is included
in the final rule.

Diesel Equipment Rule in
Underground Coal Mines. On October
25,1996, MSHA promulgated standards
for the “Approval, Exhaust Gas
Monitoring, and Safety Requirements
for the Use of Diesel-Powered
Equipment in Underground Coal
Mines,” sometimes referred to as the
“diesel equipment rule” (61 FR 55412;
the history of this rulemaking is briefly
discussed in section 9 of this Part). The
diesel equipment rule focuses on the
safe use of diesels in underground coal
mines. Integrated requirements are
established for the safe storage,
handling, and transport of diesel fuel
underground, training of mine
personnel, minimum ventilating air
quantities for diesel powered
equipment, monitoring of gaseous diesel
exhaust emissions, maintenance
requirements, incorporation of fire
suppression systems, and design
features for nonpermissible machines.

MSHA Approval Requirements for
Engines Used in Underground Coal
Mines. MSHA requires that all diesel
engines used in underground coal mines
be “approved” by MSHA for such use,
and be maintained by operators in
approved condition. Among other

things, approval of an engine by MSHA
ensures that engines exceeding certain
pollutant standards are not used in
underground coal mines. MSHA sets the
standards for such approval, establishes
the testing criteria for the approval
process, and administers the tests. The
costs to obtain approval of an engine are
usually borne by the engine
manufacturer or equipment
manufacturer. MSHA’s 1996 diesel
equipment rule made some significant
changes to the consequences of
approval. The new rule required the
whole underground coal fleet to convert
to approved engines no later than
November 1999.

The new rule also required that
during the approval process the agency
determine the particulate index (PI) for
the engine. The particulate index (or PI),
calculated under the provisions of 30
CFR 7.89, indicates the air quantity
necessary to dilute the diesel particulate
in the engine exhaust to 1 milligram of
diesel particulate matter per cubic meter
of air.

The PI does not appear on the
engine’s approval plate. (61 FR 55421).
Furthermore, the particulate index of an
engine is not, under the diesel
equipment rule, used to determine
whether or not the engine can be used
in an underground coal mine.

At the time the equipment rule was
issued, MSHA explicitly deferred the
question of whether to require engines
used in mining environments to meet a
particular PI. (61 FR 55420-21, 55437).
While there was some discussion of
using it in this fashion during the diesel
equipment rulemaking, the approach
taken in the final rule was to adopt,
instead, the multi-level approach
recommended by the Diesel Advisory
Committee. This multi-level approach
included the requirement to use clean
fuel, low emission engines, equipment
design, maintenance, and ventilation,
all of which appear in the final rule. The
requirement for determining the
particulate index was included in the
diesel equipment rule in order to
provide information to the mining
community in purchasing equipment—
so that mine operators can compare the
particulate levels generated by different
engines. Mine operators and equipment
manufacturers can use the information
along with consideration of the type of
machine the engines would power and
the area of the mine in which it would
be used to make decisions concerning
the engine’s contribution of diesel
particulate to the mine’s total respirable
dust. Equipment manufactures can use
the particulate index to design and
install exhaust after-treatments. (61 FR
55421). So that the PI for any engine is



Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations

5747

known to the mining community,
MSHA reports the index in the approval
letter, posted the PI and ventilating air
requirement for all approved engines on
its website, and publishes the index
with its lists of approved engines.

Gas Monitoring. As discussed in
section 5, there are limitations on the
exposure of miners to various gases
emitted from diesel engines in both
underground coal mines and
underground metal and nonmetal
mines.

The 1996 diesel equipment rule for
underground coal mines supplemented
these protections in that sector by
providing for the monitoring and
control of gaseous diesel exhaust
emissions. (30 CFR part 70; 61 FR
55413). The rule requires that
underground coal mine operators take
samples of carbon monoxide and
nitrogen dioxide as part of existing
onshift workplace examinations.
Samples exceeding an action level of 50
percent of the threshold limits set forth
in 30 CFR 75.322 trigger corrective
action by the mine operator.

Engine Maintenance. The diesel
equipment rule also requires that diesel-
powered equipment be maintained in
safe and approved condition. As
explained in the preamble, maintenance
requirements were included because of
MSHA'’s recognition that inadequate
equipment maintenance can, among
other things, result in increased levels of
harmful gaseous and particulate
components from diesel exhaust.

Among other things, the rule requires
the weekly examination of diesel-
powered equipment in underground
coal mines. To determine if more
extensive maintenance is required, the
rule further requires that a weekly check
of the gaseous CO emission levels on
permissible and heavy duty outby
machines be made. The CO check
requires that the engine be operated at
a repeatable loaded condition and the
CO measured. The carbon monoxide
concentration in the exhaust provides a
good indication of engine condition. If
the CO measurement increases to a
higher concentration than what was
normally measured during the past
weekly checks, then a maintenance
person would know that a problem has
developed that requires further
investigation. In addition, underground
coal mine operators are required to
establish programs to ensure that those
performing maintenance on diesel
equipment are qualified.

Fuel. The diesel equipment rule also
requires that underground coal mine
operators use diesel fuel with a sulfur
content of 0.05% (500 ppm) or less.
Some types of exhaust aftertreatment

technology designed to lower hazardous
diesel emissions work more effectively
when the sulfur content of the fuel is
low. More effective aftertreatment
devices will result in reduced
hydrocarbons, carbon monoxide, and
particulate levels. Low sulfur fuel also
greatly reduces the sulfate production
from the catalytic converters currently
in use in underground coal mines,
thereby decreasing exhaust particulate.
To further reduce miners’ exposure to
diesel exhaust, the final rule prohibits
operators from unnecessarily idling
diesel-powered equipment.

Ventilation. The diesel equipment
rule requires that as part of the approval
process, ventilating air quantities
necessary to maintain the gaseous
emissions of diesel engines within
existing required ambient limits be set.
The ventilating air quantities are
required to appear on the engine’s
approval plate. The rule also requires
that mine operators maintain the
approval plate quantity minimum
airflow in areas of underground coal
mines where diesel-powered equipment
is operated. The engine’s approval plate
air quantity is also used to determine
the minimum air quantity in areas
where multiple units of diesel powered
equipment are being operated. The
minimum ventilating air quantity where
multiple units of diesel powered
equipment are operated on working
sections and in areas where mechanized
mining equipment is being installed or
removed, must be the sum of 100
percent of the approval plate quantities
of all of the equipment. As set forth in
the preamble of the diesel equipment
rule, MSHA believes that effective mine
ventilation is a key component in the
control of miners’ exposure to gasses
and particulate emissions generated by
diesel equipment.

Impact of the diesel equipment rule
on dpm levels in underground coal
mines. The diesel equipment rule has
many features which, by reducing the
emission and concentration of harmful
diesel emissions in underground coal
mines, will indirectly reduce particulate
emissions.

In developing the diesel equipment
rule, however, MSHA did not explicitly
consider the risks to miners of a
working lifetime of dpm exposure at
very high levels, nor the actions that
could be taken to specifically reduce
dpm exposure levels in underground
coal mines. It was understood that the
agency would be taking a separate look
at the health risks of dpm exposure. For
example, the agency explicitly deferred
discussion of whether to make operators
use only equipment that complied with
a specific Particulate Index.

(8) Information on How Certain States
are Restricting Occupational Exposure
to DPM.

As noted earlier in this part, the
Federal government has long been
involved in efforts to restrict diesel
particulate emissions into the
environment—both through ambient air
quality standards, and through
restrictions on diesel engine emissions.
While MSHA'’s actions to limit the
concentration of dpm in underground
mines are the first effort by the Federal
government to deal with the special
risks faced by workers exposed to diesel
exhaust on the job, several states have
already taken actions in this regard with
respect to underground coal mines.

This section reviews some of these
actions, as they were the subject of
considerable discussion and comment
during this rulemaking.

Pennsylvania. As indicated in section
1, Pennsylvania essentially had a ban on
the use of diesel-powered equipment in
underground coal mines for many years.
As noted by one commenter, diesel
engines were permitted provided the
request was approved by the Secretary
of the Department of Environmental
Protection.

In 1995, one company in the State
submitted a plan for approval and
started negotiations with its local union
representatives. This led to statewide
discussions and the adoption of a new
law in the State that permits the use of
diesel-powered equipment in deep coal
mines under certain circumstances
specified in the law (Act 182). As
further noted by this commenter, the
drafters of the law completed their work
before the issuance of MSHA’s new
regulation on the safe use of diesel-
powered equipment in underground
coal mines. The Pennsylvania law,
unlike MSHA'’s diesel equipment rule,
specifically addresses diesel particulate.
The State did not set a limit on the
exposure of miners to dpm, nor did it
establish a limit on the concentration of
dpm in deep coal mines. Rather, it
approached the issue by imposing
controls that will limit dpm emissions
at the source.

First, all diesel engines used in
underground deep coal mines in
Pennsylvania must be MSHA-approved
engines with an “exhaust emissions
control and conditioning system” that
meets certain tests. (Article II-A, Section
203-A, Exhaust Emission Controls).
Among these are dpm emissions from
each engine no greater than ‘“‘an average
concentration of 0.12 mg/m?3 diluted by
fifty percent of the MSHA approval
plate ventilation for that diesel engine.”
In addition, any exhaust emissions
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control and conditioning system must
include a “Diesel Particulate Matter
(DPM) filter capable of an average of
ninety-five percent or greater reduction
of dpm emissions.” It also requires the
use of an oxidation catalytic converter.
Thus, the Pennsylvania statute requires
the use of low-emitting engines, and
then the use of aftertreatment devices
that significantly reduce the particulates
emitted from these engines.

The Pennsylvania law also has a
number of other requirements for the
safe use of diesel-powered equipment in
the particularly hazardous
environments of underground coal
mines. Many of these parallel the
requirements in MSHA'’s diesel
equipment rule. Like MSHA'’s
requirements, they too can result in
reducing miner exposure to diesel
particulate—e.g., regular maintenance of
diesel engines by qualified personnel
and equipment operator examinations.
The requirements in the Pennsylvania
law take into account the need to
maintain the aftertreatment devices
required to control diesel particulate.

While both mine operators and labor
supported this approach, it remains
controversial. During the hearings on
this rulemaking, one commenter
indicated that at the time the standards
were established, it would have taken a
95% filter to reduce dpm from certain
equipment to the 0.12 mg/m3 emissions
standard because 0.25 sulfur fuel was
being utilized. This test reported by the
commenter was completed prior to
MSHA promulgating the diesel
equipment rule that required the use of
.05% sulfur fuel. Another commenter
pointed out that as operators in the state
began considering the use of newer, less
polluting engines, achieving an
efficiency of 95% reduction of the
emissions from any such engines would
become even more difficult. There was
some disagreement among the
commenters as to whether existing
technology would permit operators to
meet the 0.12 mg/m? emission standard
in many situations. One commenter
described efforts to get a small outby
unit approved under Pennsylvania law.
Accordingly, the industry has indicated
that it would seek changes to the
Pennsylvania diesel law. Commenters
representing miners indicated that they
were involved in these discussions.

West Virginia. Until 1997, West
Virginia law banned the use of diesel-
powered equipment in underground
coal mines. In that year, the State
created the joint labor-management
West Virginia Diesel Equipment
Commission (Commission) and charged
it with developing regulations to permit
and govern diesel engine use in

underground coal mines. As explained
by several commenters, the
Commission, in collaboration with West
Virginia University (WVU), developed a
protocol for testing diesel engine
exhaust controls, and the legislature
appropriated more than $150,000 for
WVU to test diesel exhaust controls and
an array of diesel particulate filters.

There were a number of comments
received by MSHA on the test protocols
and results. These are discussed in part
IV this preamble. One commenter noted
that various manufacturers of products
have been very interested in how their
products compare to those of other
manufacturers tested by the WVU.
Another asserted that mine operators
had been slowing the scheduling of tests
by WVA.

Pursuant to the West Virginia law
establishing the Commission, the
Commission was given only a limited
time to determine the applicable rules
for the use of diesel engines
underground, or the matter was required
to be referred to an arbitrator for
resolution. One commenter during the
hearings noted that the Commission had
not been able to reach resolution and
that indeed arbitration was the next
step. Other commenters described the
proposal of the industry members of the
Commission—0.5mg/m3 for all
equipment, as configured, before
approval is granted. In this regard, the
industry members of the West Virginia
Commission said:

“We urge you to accelerate the finalization
of * * * these proposed rules. We believe
that will aid our cause, as well as the other
states that currently don’t use diesel.” (Id)

Virginia. According to one commenter,
diesel engine use in underground mining was
legalized in Virginia in the mid-1980s. It was
originally used on some heavy production
equipment, but the haze it created was so
thick it led to a drop in production.
Thereafter, most diesel equipment has been
used outby (805 pieces). The current state
regulations consist of requiring that MSHA
approved engines be used, and that the “most
up-to-date, approved, available diesel engine
exhaust aftertreatment package” be utilized.
There are no distinctions between types of
equipment. The commenter noted that more
hearings were planned soon. Under a
directive from the governor of Virginia, the
state is reviewing its regulations and making
recommendations for revisions to sections of
its law on diesels.

Ohio. The record of this rulemaking
contains little specific information on the
restrictions on the underground use of diesel-
powered equipment in Ohio. MSHA
understands, however, that in practice it is
not used. According to a communication
with the Division of Mines and Reclamation
of the Ohio Division of Natural Resources,
this outcome stems from a law enacted on
October 29, 1995, now codified as section

1567.35 of Ohio Revised Code Title 15,
which imposes strict safety restrictions on
the use of various fuels underground.

(9) History of this Rulemaking.

As discussed throughout this part, the
Federal government has worked closely with
the mining community to ascertain whether
and how diesel-powered equipment might be
used safely and healthfully in this industry.
As the evidence began to grow that exposure
to diesel exhaust might be harmful to miners,
particularly in underground mines, formal
agency actions were initiated to investigate
this possibility and to determine what, if any,
actions might be appropriate. These actions,
including a number of non-regulatory
initiatives taken by MSHA, are summarized
here in chronological sequence.

Activities Prior to Proposed Rulemaking on
DPM. In 1984, the National Institute for
Occupational Safety and Health (NIOSH)
established a standing Mine Health Research
Advisory Committee to advise it on matters
involving or related to mine health research.
In turn, that standing body established the
Mine Health Research Advisory Committee
Diesel Subgroup to determine if:

* * * there is a scientific basis for
developing a recommendation on the use of
diesel equipment in underground mining
operations and defining the limits of current
knowledge, and recommending areas of
research for NIOSH, if any, taking into
account other investigators’ ongoing and
planned research. (49 FR 37174).

In 1985, MSHA established an
Interagency Task Group with NIOSH
and the former Bureau of Mines (BOM)
to assess the health and safety
implications of the use of diesel-
powered equipment in underground
coal mines.

In April 1986, in part as a result of the
recommendation of the Task Group,
MSHA began drafting proposed
regulations on the approval and use of
diesel-powered equipment in
underground coal mines. Also in 1986,
the Mine Health Research Advisory
Committee Diesel Subgroup (which, as
noted above, was created by a standing
NIOSH committee) summarized the
evidence available at that time as
follows:

It is our opinion that although there are
some data suggesting a small excess risk of
adverse health effects associated with
exposure to diesel exhaust, these data are not
compelling enough to exclude diesels from
underground mines. In cases where diesel
equipment is used in mines, controls should
be employed to minimize exposure to diesel
exhaust.

On October 6, 1987, pursuant to
Section 102(c) of the Mine Act, 30
U.S.C. 812(c), which authorizes MSHA
to appoint advisory committees as he
deems appropriate, the agency
appointed an advisory committee “to
provide advice on the complex issues
concerning the use of diesel-powered
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equipment in underground coal mines.”
(52 FR 37381). MSHA appointed nine
members to this committee, officially
known as The Mine Safety and Health
Administration Advisory Committee on
Standards and Regulations for Diesel-
Powered Equipment in Underground
Coal Mines (hereafter the MSHA Diesel
Advisory Committee). As required by
section 101(a)(1) of the Mine Act,
MSHA provided the MSHA Diesel
Advisory Committee with draft
regulations on the approval and use of
diesel-powered equipment in
underground coal mines. The draft
regulations did not include standards
setting specific limitations on diesel
particulate, nor had MSHA at that time
determined that such standards would
be promulgated.

In July 1988, the MSHA Diesel
Advisory Committee completed its work
with the issuance of a report entitled
“Report of the Mine Safety and Health
Administration Advisory Committee on
Standards and Regulations for Diesel-
Powered Equipment in Underground
Coal Mines.” It also recommended that
MSHA promulgate standards governing
the approval and use of diesel-powered
equipment in underground coal mines.
The MSHA Diesel Advisory Committee
recommended that MSHA promulgate
standards limiting underground coal
miners’ exposure to diesel exhaust.

With respect to diesel particulate, the
MSHA Diesel Advisory Committee
recommended that MSHA “‘set in
motion a mechanism whereby a diesel
particulate standard can be set.”
(MSHA, 1988). In this regard, the MSHA
Diesel Advisory Committee determined
that because of inadequacies in the data
on the health effects of diesel particulate
matter and inadequacies in the
technology for monitoring the amount of
diesel particulate matter at that time, it
could not recommend that MSHA
promulgate a standard specifically
limiting the level of diesel particulate
matter in underground coal mines (Id.
64—65). Instead, the MSHA Diesel
Advisory Committee recommended that
MSHA ask NIOSH and the former
Bureau of Mines to prioritize research in
the development of sampling methods
and devices for diesel particulate.

The MSHA Diesel Advisory
Committee also recommended that
MSHA request a study on the chronic
and acute effects of diesel emissions
(Id). In addition, the MSHA Diesel
Advisory Committee recommended that
the control of diesel particulate “be
accomplished through a combination of
measures including fuel requirements,
equipment design, and in-mine controls
such as the ventilation system and
equipment maintenance in conjunction

with undiluted exhaust measurements.”
The MSHA Diesel Advisory Committee
further recommended that particulate
emissions ‘“‘be evaluated in the
equipment approval process and a
particulate emission index reported.”
(Id. at 9).

In addition, the MSHA Diesel
Advisory Committee recommended that
“the total respirable particulate,
including diesel particulate, should not
exceed the existing two milligrams per
cubic meter respirable dust standard.”
(Id. at 9.) It should be noted that section
202(b)(2) of the Mine Act requires that
coal mine operators maintain the
average concentration of respirable dust
at their mines at or below two
milligrams per cubic meter which
effectively prohibits diesel particulate
matter in excess of two milligrams per
cubic meter (30 U.S.C. 842(b)(2)).

As noted, the MSHA Diesel Advisory
Committee issued its report in 1988.
During that year, NIOSH issued a
Current Intelligence Bulletin
recommending that whole diesel
exhaust be regarded as a potential
carcinogen and controlled to the lowest
feasible exposure level (NIOSH, 1988).
In its bulletin, NIOSH concluded that
although the excess risk of cancer in
diesel exhaust exposed workers has not
been quantitatively estimated, it is
logical to assume that reductions in
exposure to diesel exhaust in the
workplace would reduce the excess risk.
NIOSH stated that “[g]liven what we
currently know, there is an urgent need
for efforts to be made to reduce
occupational exposures to DEP [dpm] in
mines.”

Consistent with the MSHA Diesel
Advisory Committee’s research
recommendations, MSHA, in September
1988, formally requested NIOSH to
perform a risk assessment for exposure
to diesel particulate. (57 FR 500). MSHA
also requested assistance from NIOSH
and the former BOM in developing
sampling and analytical methodologies
for assessing exposure to diesel
particulate in mining operations. (Id.).
In part, as a result of the MSHA Diesel
Advisory Committee’s recommendation,
MSHA also participated in studies on
diesel particulate sampling
methodologies and determination of
underground occupational exposure to
diesel particulate.

On October 4, 1989, MSHA published
a Notice of Proposed Rulemaking on
approval requirements, exposure
monitoring, and safety requirements for
the use of diesel-powered equipment in
underground coal mines. (54 FR 40950).
The proposed rule followed the MSHA
Diesel Advisory Committee’s
recommendation that MSHA

promulgate regulations requiring the
approval of diesel engines.

On January 6, 1992, MSHA published
an Advance Notice of Proposed
Rulemaking (ANPRM) (57 FR 500). In
the ANPRM, MSHA, among other
things, sought comment on specific
reports on diesel particulate prepared by
NIOSH and the former BOM. MSHA
also sought comment on reports on
diesel particulate which were prepared
by or in conjunction with MSHA. The
ANPRM also sought comments on the
health effects, technological and
economic feasibility, and provisions
which should be considered for
inclusion in a diesel particulate rule.
The notice also identified five specific
areas where the agency was particularly
interested in comments, and about
which it asked a number of detailed
questions: (1) Exposure limits, including
the basis thereof; (2) the validity of the
NIOSH risk assessment model and the
validity of various types of studies; (3)
information about non-cancer risks,
non-lung routes of entry, and the
confounding effects of tobacco smoking;
(4) the availability, accuracy and proper
use of sampling and monitoring
methods for diesel particulate; and (5)
the technological and economic
feasibility of various types of controls,
including ventilation, diesel fuel, engine
design, aftertreatment devices, and
maintenance by mechanics with
specialized training. The notice also
solicited specific information from the
mining community on “the need for a
medical surveillance or screening
program and on the use of respiratory
equipment.” (57 FR 500). The comment
period on the ANPRM closed on July 10,
1992.

While MSHA was completing a
“comprehensive analysis of the
comments and any other information
received” in response to the ANPRM (57
FR 501), it took also several actions to
encourage the mining community to
begin to deal with the problems
identified.

In 1995, MSHA sponsored three
workshops “to bring together in a forum
format the U.S. organizations who have
a stake in limiting the exposure of
miners to diesel particulate (including)
mine operators, labor unions, trade
organizations, engine manufacturers,
fuel producers, exhaust aftertreatment
manufacturers, and academia.”
(McAteer, 1995). The sessions provided
an overview of the literature and of
diesel particulate exposures in the
mining industry, state-of-the-art
technologies available for reducing
diesel particulate levels, presentations
on engineering technologies toward that
end, and identification of possible
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strategies whereby miners’ exposure to
diesel particulate matter can be limited
both practically and effectively.

The first workshop was held in
Beckley, West Virginia on September 12
and 13, and the other two were held on
October 6, and October 12 and 13, 1995,
in Mt Vernon, Illinois and Salt Lake
City, Utah, respectively. A transcript
was made. During a speech early the
next year, the Deputy Assistant
Secretary for MSHA characterized what
took place at these workshops:

The biggest debate at the workshops was
whether or not diesel exhaust causes lung
cancer and whether MSHA should move to
regulate exposures. Despite this debate, what
emerged at the workshops was a general
recognition and agreement that a health
problem seems to exist with the current high
levels of diesel exhaust exposure in the
mines. One could observe that while all the
debate about the studies and the level of risk
was going on, something else interesting was
happening at the workshops: one by one
miners, mining companies, and
manufacturers began describing efforts
already underway to reduce exposures. Many
are actively trying to solve what they clearly
recognize is a problem. Some mine operators
had switched to low sulfur fuel that reduces
particulate levels. Some had increased mine
ventilation. One company had tried a soy-
based fuel and found it lowered particulate
levels. Several were instituting better
maintenance techniques for equipment.
Another had hired extra diesel mechanics.
Several companies had purchased
electronically controlled, cleaner, engines.
Another was testing a prototype of a new
filter system. Yet another was using
disposable diesel exhaust filters. These were
not all flawless attempts, nor were they all
inexpensive. But one presenter after another
described examples of serious efforts
currently underway to reduce diesel
emissions. (Hricko, 1996).

In March of 1997, MSHA issued, in
draft form, a publication entitled
“Practical Ways to Control Exposure to
Diesel Exhaust in Mining—a Toolbox”.
The draft publication was disseminated
by MSHA to all underground mines
known to use diesel equipment and
posted on MSHA’s Web site.

As explained in the publication, the
Toolbox was designed to disseminate to
the mining community information
gained through the workshops about
methods being used to reduce miner
exposures to dpm. MSHA’s Toolbox
provided specific information about
nine types of controls that can reduce
dpm exposures: low emission engines;
fuels; aftertreatment devices;
ventilation; enclosed cabs; engine
maintenance; work practices and
training; fleet management; and
respiratory protective equipment. Some
of these approaches reduce emissions
from diesel engines; others focus on

reducing miner exposure to whatever
emissions are present. Quotations from
workshop participants were used to
illustrate when and how such controls
might be helpful.

As it clearly stated in its introductory
section entitled “How to Use This
Publication,” the Toolbox was not
designed as a guide to existing or
pending regulations. As MSHA noted in
that regard:

“While the (regulatory) requirements
that will ultimately be implemented,
and the schedule of implementation, are
of course uncertain at this time, MSHA
encourages the mining community not
to wait to protect miners’ health. MSHA
is confident that whatever the final
requirements may be, the mining
community will find this Toolbox
information of significant value.”

On October 25, 1996, MSHA
published a final rule addressing
approval, exhaust monitoring, and
safety requirements for the use of diesel-
powered equipment in underground
coal mines (61 FR 55412). The final rule
addresses, and in large part is consistent
with, the specific recommendations
made by the MSHA Diesel Advisory
Committee for limiting underground
coal miners’ exposure to diesel exhaust.
As noted in section 7 of this part, the
diesel safety rule was implemented in
steps concluding in late 1999. Aspects
of this diesel safety rule had a
significant impact on this rulemaking.

In the Fall of 1997, following
comment, MSHA’s Toolbox was
finalized and disseminated to the
mining community. At the same time,
MSHA made available to the mining
community a software modeling tool
developed by the Agency to facilitate
dpm control. This model enables an
operator to evaluate the effect which
various alternative combinations of
controls would have on the dpm
concentration in a particular mine—
before making the investment. MSHA
refers to this model as ‘“‘the Estimator.”
The Estimator is in the form of a
template that can be used on standard
computer spreadsheet programs. As
information about a new combination of
controls is entered, the results are
promptly displayed.

On April 9, 1998, MSHA published a
proposed rule to “reduce the risks to
underground coal miners of serious
health hazards that are associated with
exposure to high concentrations of
diesel particulate matter” (63 FR 17492).
In order to further facilitate
participation by the mining community,
MSHA developed as an introduction to
its preamble explaining the proposed
rule, a dozen “plain language”
questions and answers.

The proposed rule to limit the
concentration of dpm in underground
coal mines (63 FR 17578) focused on the
exclusive use of aftertreatment filters on
permissible and heavy duty
nonpermissible equipment to limit the
concentration of dpm in underground
coal mines. In its Questions and
Answers, however, and throughout the
preamble, MSHA presented
considerable information on a number
of other approaches that might have
merit in limiting the concentration of
dpm in underground coal mines, and
drew special attention to the fact that
the text of the rule being proposed
represented only one of the approaches
on which the agency was interested in
receiving comment. Training of miners
in the hazards of dpm was also
proposed.

The Proposed Rule to Limit DPM
Concentrations in Underground Metal
and Nonmetal Mines and Related
Actions. On October 29, 1998 (63 FR
58104), MSHA published a proposed
rule establishing new health standards
for underground metal and nonmetal
mines that use equipment powered by
diesel engines.

In order to further facilitate
participation by the mining community,
MSHA developed as an introduction to
its preamble explaining the proposed
rule, 30 “plain language” questions and
answers.

The notice of proposed rulemaking
reviewed and discussed the comments
received in response to the ANPRM,
including information on such control
approaches as fuel type, fuel additives,
and maintenance practices (63 FR
58134). For the convenience of the
mining community, a copy of MSHA’s
Toolbox was also reprinted as an
Appendix at the end of the notice of
proposed rulemaking (63 FR 58223). A
complete description of the Estimator,
and several examples, were also
presented in the preamble of the
proposed rule.

MSHA proposed to adopt (63 FR
58104) a different rule to address dpm
exposure in underground metal and
nonmetal mines.

MSHA proposed a limit on the
concentration of dpm to which
underground metal and nonmetal
miners would be exposed.

The proposed rule would have
limited dpm concentrations in
underground metal and nonmetal mines
to about 200 micrograms per cubic
meter of air. Operators would have been
able to select whatever combination of
engineering and work practice controls
they wanted to keep the dpm
concentration in the mine below this
limit.
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The concentration limit would have
been implemented in two stages: an
interim limit that would go into effect
following 18 months of education and
technical assistance by MSHA, and a
final limit after 5 years. MSHA sampling
would be used to determine
compliance.

The proposal would also have
required that all underground metal and
nonmetal mines using diesel-powered
equipment observe a set of “best
practices” to reduce engine emissions—
e.g., to use low-sulfur fuel.

Additionally, the Agency also
considered alternatives that would have
led to a significantly lower-cost
proposal, e.g., establishing a less
stringent concentration limit in
underground metal and nonmetal
mines, or increasing the time for mine
operators to come into compliance.
However, MSHA concluded at that time
that such approaches would not be as
protective, and that the approach
proposed was both economically and
technologically feasible.

MSHA also explored whether to
permit the use of administrative
controls (e.g., rotation of personnel) and
personal protective equipment (e.g.,
respirators) to reduce the diesel
particulate exposure of miners. It is
generally accepted industrial hygiene
practice, however, to eliminate or
minimize hazards at the source before
resorting to personal protective
equipment. Moreover, such a practice is
generally not considered acceptable in
the case of carcinogens since it merely
places more workers at risk.
Accordingly, the proposal explicitly
prohibited the use of such approaches,
except in those limited cases where
MSHA approves, due to technological
constraints, a 2-year extension for an
underground metal and nonmetal mine
on the time to comply with the final
concentration limit.

MSHA sought comments from the
mining community on the proposed
regulatory text as well as throughout the
entire preamble.

In addition, the Agency specifically
requested comments on the following
issues:

(a) Assessment of Risk/Benefits of the
Rule. The Agency welcomed comments
on the significance of the material
already in the record, and any
information that could supplement the
record. For example, information on the
health risks associated with exposure to
dpm—especially observations by
trained observers or studies of acute or
chronic effects of exposure to known
levels of dpm or fine particles in
general, information about pre-existing
health conditions in individual miners

or miners as a group that might affect
their reactions to exposures to dpm or
other fine particles; information about
how dpm affects human health;
information on the costs to miners, their
families and their employers of the
various health problems linked to dpm
exposure, and the assumptions and
approach to use in quantifying the
benefits to be derived from this rule.

(b) Proposed rule. MSHA sought
comments on specific alternative
approaches discussed in Part V. The
options discussed included: adjusting
the concentration limit for dpm;
adjusting the phase-in time for the
concentration limit; and requiring that
specific technology be used in lieu of
establishing a concentration limit.

The Agency also requested comments
on the composition of the diesel fleet,
what controls cannot be utilized due to
special conditions, and any studies of
alternative controls using the computer
spreadsheet described in the Appendix
to Part V of the proposed rule preamble.
The Agency also requested information
about the availability and costs of
various control technologies being
developed (e.g., high-efficiency ceramic
filters), experience with the use of
available controls, and information that
would help the Agency evaluate
alternative approaches for underground
metal and nonmetal mines. In addition,
the Agency requested comments from
the underground coal sector on the
implementation to date of diesel work
practices (like the rule limiting idling,
and the training of those who provide
maintenance) to help evaluate related
proposals for the underground metal
and nonmetal sector. The Agency also
asked for information about any unusual
situations that might warrant the
application of special provisions.

(c) Compliance Guidance. The
Agency solicited comments on any
topics on which initial guidance ought
to be provided as well as any alternative
practices which MSHA should accept
for compliance before various
provisions of the rule go into effect; and

(d) Minimizing Adverse Impact of the
Proposed Rule. The Agency set forth
assumptions about impacts (e.g., costs,
paperwork, and impact on smaller
mines in particular) in some detail in
the preamble and in the PREA. We
sought comments on the methodology,
and information on current operator
equipment replacement planning cycles,
tax, State requirements, or other
information that might be relevant to
purchasing new engines or control
technology. The Agency also welcomed
comments on the financial situation of
the underground metal and nonmetal

sector, including information that may
be relevant to only certain commodities.

From this point on, the actions taken
on the rulemakings in underground coal
mines and underground metal and
nonmetal mines began to overlap in
chronology. There is considerable
overlap between the coal and metal/
nonmetal communities, and so their
participation in these separate
rulemakings was often intertwined.

In November 1998, MSHA held
hearings on the proposed rule for
underground coal mines in Salt Lake
City, Utah and Beckley, West Virginia.
In December 1998, hearings were held
in Mt. Vernon, Illinois, and
Birmingham, Alabama.

Hearings concerning the proposed
rule for underground coal mines were
well attended, including representatives
from both the coal and metal and
nonmetal sectors. Testimony was
presented by individual miners,
representatives of miners, mine
operators, mining industry associations,
representatives of engine and equipment
manufacturers, and one individual
manufacturer. Members of the mining
community participating had an
extensive opportunity to hear and
respond to alternative views; some
participated in several hearings. They
also had an opportunity to exchange in
direct dialogues with the members of
MSHA'’s dpm rulemaking committee—
responding to questions and asking
questions of their own. There was
extensive comment not only about the
provisions of the proposed rule itself,
but also about the need for diesel
powered equipment in this sector, the
risks associated with its use, the need
for regulation in this sector, alternative
approaches including those on which
MSHA sought comment, and the
technological and economic feasibility
of various alternatives.

On February 12, 1999, (64 FR 7144)
MSHA published a notice in the Federal
Register announcing: (1) The
availability of three additional studies
applicable to the proposals; (2) the
extension of the post-hearing comment
period and close of record on the
proposed rule for underground coal
mines for 60 additional days, until April
30, 1999; (3) the extension of the
comment period on the proposed rule
for metal and nonmetal mines for an
additional 60 days, until April 30, 1999;
and (4) an announcement that the
Agency would hold public hearings on
the metal and nonmetal proposal.

On March 24, 1999, (64 FR 14200)
MSHA published a notice in the Federal
Register announcing the dates, time,
and location of four public hearings for
the metal and nonmetal proposed rule.
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The notice also announced that the
close of the post-hearing comment
period would be on July 26, 1999.

On April 27, 1999, (64 FR 22592) in
response to requests from the public,
MSHA extended the post-hearing
comment period and close of record on
the proposed rule for underground coal
for 90 additional days, until July 26,
1999.

In May 1999, hearings on the metal
and nonmetal proposed rule were held
in Salt Lake City, Ut; Albuquerque, NM;
St. Louis, MO and Knoxville, TN.

Hearings were well attended and
testimony was presented by both labor
(miners) and industry (mining
associations, coal companies) and
government (NIOSH). Testimony was
presented by individual mining
companies, mining industry
associations, mining industry
consultants and the National Institute of
Occupational Safety and Health. The
hearings were held for MSHA to obtain
specific comments on the proposed rule
for diesel particulate matter exposure of
metal and nonmetal miners; additional
information on existing and projected
exposures to diesel particulate matter
and to other fine particulates in various
mining operations; information on the
health risk associated with exposure to
diesel particulate matter; information on
the cost to miners, their families and
their employers of the various health
problems linked to diesel particulate
matter; and information on additional
benefits to be expected from reducing
diesel particulate matter exposure.

Members of the mining community
participating, had an extensive
opportunity to hear and respond to
alternative views; some participated in
several of the hearings. They also had an
opportunity to exchange in direct
dialogues with members of MSHA’s
dpm rulemaking committee—
responding to questions and asking
questions of their own. There was
extensive comment not only about the
provisions of the proposed rule itself,
but also about potential interferences
with the method used to measure dpm,
the studies that MSHA used to
document the risk associated with
exposure to dpm, the cost estimates
derived by MSHA for industry
implementation, and the technology and
economic feasibility of various
alternatives (specifically, industry use of
a tool box approach without
accountability for an exposure limit).

One commenter, at the Knoxville
hearing, specifically requested that the
credentials and experience (related to
the medical field, epidemiology, metal
and nonmetal mining, mining
engineering, and diesel engineering) of

the hearing panelists be made a part of
the public record. The commenter was
informed by one of the panelists at the
hearing that if this information was

wanted it should be requested under the

Freedom Of Information Act (FOIA).

Such a request was submitted to MSHA

by the commenter and appropriately
responded to by the Agency.

On July 8, 1999, (64 FR 36826) MSHA

published a notice in the Federal
Register correcting technical errors in
the preamble discussion on the Diesel
Emission Control Estimator formula in
the Appendix to Part V of the proposed
rulemaking notice, and correcting
Figure V-5 of the preamble. Comments
on these changes were solicited. (The
Estimator model was subsequently
published in the literature (Haney, R.A.
and Saseen, G.P., “Estimation of diesel
particulate concentrations in
underground mines”, Mining
Engineering, Volume 52, Number 5,
April 2000)).

The rulemaking records of both rules
closed on July 26, 1999, nine months

after the date the proposed rule on metal

and nonmetal mines was published for
public notice. The post-hearing
comments, like the hearings, reflected
extensive participation in this effort by
the full range of interests in the mining
community and covered a full range of
ideas and alternatives.

On June 30, 2000, the rulemaking
record was reopened for 30 days in
order to obtain public comment on

certain additional documents which the

agency determined should be placed in
the rulemaking record. Those

documents were the verification studies

concerning NIOSH Method 5040
mentioned in section 3 of this Part. In
addition, the notice provided an
opportunity for comment on additional
documents being placed in the
rulemaking record for the related

rulemaking for underground coal mines

(paper filter verification investigation

and recent hot gas filter test results from
VERT), and an opportunity to comment

on some additional documents on risk
being placed in both records. In this
regard, the notice reassured the mining
community that any comments filed on
risk in either rulemaking proceeding
would be placed in both records, since
the two rulemakings utilize the same
risk assessment.

Part ITI. Risk Assessment

Introduction
1. Exposures of U.S. Miners
a. Underground Coal Mines
b. Underground Metal and Nonmetal
Mines
c. Surface Mines

[\S}

w

d. Miner Exposures Compared to
Exposures of Other Groups

. Health Effects Associated with dpm

Exposures

a. Relevancy Considerations

i. Animal Studies

ii. Reversible Health Effects

iii. Health Effects Associated with PM, s in
Ambient Air

b. Acute Health Effects

i. Symptoms Reported by Exposed Miners

ii. Studies Based on Exposures to Diesel
Emissions

iii. Studies Based on Exposures to
Particulate Matter in Ambient Air

¢. Chronic Health Effects

i. Studies Based on Exposures to Diesel
Emissions

(1) Chronic Effects other than Cancer

(2) Cancer

(a) Lung Cancer

(i) Evaluation Criteria

(ii) Studies Involving Miners

(iii) Best Available Epidemiologic Evidence

(iv) Counter-Evidence

(v) Summation

(b) Bladder Cancer

ii. Studies Based on Exposures to PM, s in
Ambient Air

d. Mechanisms of Toxicity

i. Agent of Toxicity

ii. Deposition, Clearance, and Retention

iii. Effects other than Cancer

iv. Lung Cancer

(1) Genotoxicity Studies

(2) Animal Inhalation Studies

. Characterization of Risk

a. Material Impairments to Miners’ Health
or Functional Capacity

i. Sensory Irritations and Respiratory
Symptoms (including allergenic
responses)

ii. Premature Death from Cardiovascular,
Cardiopulmonary, or Respiratory Causes

iii. Lung Cancer

(1) Summary of Collective Epidemiologic
Evidence

(a) Consistency of Epidemiologic Results

(b) Best Available Epidemiologic Evidence

(c) Studies with Quantitative or
Semiquantitative Exposure Assessments

(d) Studies Involving Miners

(2) Meta-Analyses

(3) Potential Systematic Biases

(4) Causality

(5) Other Interpretations of the Evidence

b. Significance of the Risk of Material
Impairment to Miners

i. Meaning of Significant Risk

(1) Legal Requirements

(2) Standards and Guidelines for Risk
Assessment

ii. Significance of Risk for Underground
Miners Exposed to Dpm

(1) Sensory Irritations and Respiratory
Symptoms (including allergenic
responses)

(2) Premature Death from Cardiovascular,
Cardiopulmonary, or Respiratory Causes

(3) Lung Cancer

(a) Risk Assessment Based on Studies
Involving Miners

(b) Risk Assessment Based on Miners’
Cumulative Exposure

(i) Exposure-Response Relationships from
Studies Outside Mining
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(ii) Exposure-Response Relationships from
Studies on Miners
(iii) Excess Risk at Specific Dpm Exposure
Levels
¢. The Rule’s Expected Impact on Risk
4. Conclusions

Introduction

MSHA has reviewed the scientific
literature to evaluate the potential
health effects of occupational dpm
exposures at levels encountered in the
mining industry. This part of the
preamble presents MSHA's review of
the currently available information and
MSHA'’s assessment of health risks
associated with those exposures. All
material submitted during the public
comment periods was considered before
MSHA drew its final conclusions.

The risk assessment begins, in Section
1.1, with a discussion of dpm exposure
levels observed by MSHA in the mining
industry. This is followed by a review,
in Section I1I.2, of information available
to MSHA on health effects that have
been studied in association with dpm
exposure. Finally, in Section III.3
entitled “Characterization of Risk,” the
Agency considers three questions that
must be addressed for rulemaking under
the Mine Act and relates the available
information about risks of dpm
exposure at current levels to the
regulatory requirements.

A risk assessment must be technical
enough to present the evidence and
describe the main controversies
surrounding it. At the same time, an
overly technical presentation could
cause stakeholders to lose sight of the
main points. MSHA is guided by the
first principle the National Research
Council established for risk
characterization, that the approach be:

[a] decision driven activity, directed
toward informing choices and solving
problems * * * Oversimplifying the science
or skewing the results through selectivity can
lead to the inappropriate use of scientific
information in risk management decisions,
but providing full information, if it does not
address key concerns of the intended
audience, can undermine that audience’s
trust in the risk analysis.

Although the final rule covers only
one sector, this portion of the preamble
was intended to enable MSHA and other
interested parties to assess risks
throughout the coal and M/NM mining
industries. Accordingly, the risk
assessment includes information
pertaining to all sectors of the mining
industry. All public comments on the
exposures of miners and the health
effects of dpm exposure—whether
submitted specifically for the coal
rulemaking or for the metal/nonmetal
rulemaking—were incorporated into the

record for each rulemaking and have
been considered for this assessment.

MSHA had an earlier version of this
risk assessment independently peer
reviewed. The risk assessment as
proposed incorporated revisions made
in accordance with the reviewers’
recommendations, and the final version
presented here contains clarifications
and other responses to public
comments. With regard to the risk
assessment as published in the
proposed preamble, the reviewers stated
that:

* * * principles for identifying evidence and

characterizing risk are thoughtfully set out.
The scope of the document is carefully
described, addressing potential concerns
about the scope of coverage. Reference
citations are adequate and up to date. The
document is written in a balanced fashion,
addressing uncertainties and asking for
additional information and comments as
appropriate. (Samet and Burke, Nov. 1997).

Some commenters generally agreed
with this opinion. Dr. James Weeks,
representing the UMWA, found the
proposed risk assessment to be
“balanced, thorough, and systematic.”
Dr. Paul Schulte, representing NIOSH,
stated that “MSHA has prepared a
thorough review of the health effects
associated with exposure to high
concentrations of dpm, and NIOSH
concurs with the published [proposed]
characterization of risks associated with
these exposures.” Dr. Michael
Silverstein, representing the
Washington State Dept. of Labor and
Industries, found MSHA’s “regulatory
logic * * * thoroughly persuasive.” He
commented that ““the best available
scientific evidence shows that diesel
particulate exposure is associated with
serious material impairment of health
* * * the evidence * * * is particularly
strong and certainly provides a
sufficient basis for regulatory action.”

Many commenters, however,
vigorously criticized various aspects of
the proposed assessment and some of
the scientific studies on which it was
based. MSHA'’s final assessment,
published here, was modified to
respond to all of these criticisms. Also,
in response to commenters’ suggestions,
this assessment incorporates some
research studies and literature reviews
not covered or inadequately discussed
in the previous version.

Some commenters expressed the
opinion that the proposed risk
assessment should have been peer-
reviewed by a group representing
government, labor, industry, and
independent scientists. Since the
rulemaking process included a pre-
hearing comment period, eight public
hearings (four for coal and four for M/

NM), and two post-hearing comment
periods, these constituencies had ample
opportunity to review and comment
upon MSHA'’s proposed risk
assessment. The length of the comment
period for the Coal Dpm proposal was
15 months. The length of the comment
period for the Metal/Nonmetal Dpm
proposal was nine months.

1. Exposures of U.S. Miners

Information about U.S. miner
exposures comes from published studies
and from additional mine investigations
conducted by MSHA since 1993.1
Previously published studies of
exposures to dpm among U.S. miners
are: Watts (1989, 1992), Cantrell (1992,
1993), Haney (1992), and Tomb and
Haney (1995). MSHA has also
conducted investigations subsequent to
the period covered in Tomb and Haney
(1995), and the previously unpublished
data through mid-1998 are included
here. Both the published and
unpublished studies were placed in the
record with the proposal, giving
MSHA'’s stakeholders the opportunity to
analyze and comment on all of the
exposure data considered.

MSHA’s field studies involved
measuring dpm concentrations at a total
of 50 mines: 27 underground metal and
nonmetal (M/NM) mines, 12
underground coal mines, and 11 surface
mining operations (both coal and M/
NM). At all surface mines and all
underground coal mines, dpm
measurements were made using the
size-selective method, based on
gravimetric determination of the amount
of submicrometer dust collected with an
impactor. With few exceptions, dpm
measurements at underground M/NM
mines were made using the Respirable
Combustible Dust (RCD) method (with
no impactor). At two of the
underground M/NM mines,
measurements were made using the
total carbon (TC) method, and at one,
RCD measurements were made in one
year and TC measurements in another.
Measurements at the two remaining
underground M/NM mines were made
using the size-selective method, as in

1MSHA has only limited information about
miner exposures in other countries. Based on 223
personal and area samples, average exposures at 21
Canadian noncoal mines were reported to range
from 170 to 1300 pug/m?3 (respirable combustible
dust), with maximum measurements ranging from
1020 to 3100 pug/m3 (Gangel and Dainty, 1993).
Among 622 full shift measurements collected since
1989 in German underground noncoal mines, 91
(15%) exceeded 400 pg/ms3 (total carbon) (Dahmann
et al., 1996). As explained elsewhere in this
preamble, 400 pg/m?3 (total carbon) corresponds to
approximately 500 ug/m3 dpm.
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coal and surface mines.? Weighing
errors inherent in the gravimetric
analysis required for both size-selective
and RCD methods become statistically
insignificant at the relatively high dpm
concentrations observed.

According to MSHA'’s experience, the
dpm samples reflect exposures typical
of mines known to use diesel equipment
for face haulage in the U.S. However,
they do not constitute a random sample
of mines, and care was taken in the
proposed risk assessment not to
characterize results as necessarily
representing conditions in all mines.
Several commenters objected to MSHA'’s
use of these exposure measurements in
making comparisons to exposures
reported in other industries and, for M/
NM, in estimating the proposed rule’s
impact. These objections are addressed
in Sections III.1.d and II1.3.b.ii(3)(c)
below. Comments related to the
measurement methods used in
underground coal and M/NM mines are
addressed, respectively, in Sections
II1.1.b and MI.1.c.

Each underground study typically
included personal dpm exposure

measurements for approximately five
production workers. Also, area samples
were collected in return airways of
underground mines to determine diesel
particulate emission rates.? Operational
information such as the amount and
type of equipment, airflow rates, fuel,
and maintenance was also recorded.
Mines were selected to obtain a wide
range of diesel equipment usage and
mining methods. Mines with greater
than 175 horsepower and less than 175
horsepower production equipment were
sampled. Single and multiple level
mines were sampled. Mine level heights
ranged from eight to one-hundred feet.
In general, MSHA’s studies focused on
face production areas of mines, where
the highest concentrations of dpm could
be expected; but, since some miners do
not spend their time in face areas,
samples were collected in other areas as
well, to get a more complete picture of
miner exposure. Because of potential
interferences from tobacco smoke in
underground M/NM mines, samples
were not collected on or near smokers.

Table III-1 summarizes key results
from MSHA’s studies. The higher
concentrations in underground mines
were typically found in the haulageways
and face areas where numerous pieces
of equipment were operating, or where
airflow was low relative to the amount
of equipment operating. In production
areas and haulageways of underground
mines where diesel powered equipment
was used, the mean dpm concentration
observed was 644 pg/m3 for coal and
808 ug/m?3 for M/NM. In travelways of
underground mines where diesel
powered equipment was used, the mean
dpm concentration (based on 112 area
samples not included in Table I1I-1)
was 517 pg/m3 for M/NM and 103 ug/
m3 for coal. In surface mines, the higher
concentrations were generally
associated with truck drivers and front-
end loader operators. The mean dpm
concentration observed was less than
200 pg/m3 at all eleven of the surface
mines in which measurements were
made. More information about the dpm
concentrations observed in each sector
is presented in the material that follows.

TABLE Ill-1.—FULL-SHIFT DIESEL PARTICULATE MATTER CONCENTRATIONS OBSERVED IN PRODUCTION AREAS AND
HAULAGEWAYS OF 50 DIESELIZED U.S. MINES

Standard
Mine tvoe Number of Number of | Mean expo- error of rgi(]pzs(ure/
yP mines samples | sure (ug/m3) | mean (ug/ %13) HY
m3)
11 45 88 11 9-380
........................... . 12 226 644 41 0-3,650
Underground metal and nonmetal ...........ccocoeiiiiiiiiniiiiiieceeee s 27 355 808 39 10-5,570

Note: Intake and return area samples are excluded.

a. Underground Coal Mines

Approximately 145 out of the 910
existing underground coal mines
currently utilize diesel powered
equipment. Of these 145 mines, 32
mines currently use diesel equipment
for face coal haulage. The remaining
mines use diesel equipment for
transportation, materials handling and
other support operations. MSHA
focused its efforts in measuring dpm
concentrations in coal mines on mines
that use diesel powered equipment for
face coal haulage. Twelve mines using
diesel-powered face haulage were
sampled. Mines with diesel powered
face haulage were selected because the
face is an area with a high concentration
of vehicles operating at a heavy duty

2The various methods of measuring dpm are
explained in section 3 of Part II of the preamble to
the proposed rule. This explanation, along with
additional information on these methods, is also

cycle at the furthest end of the mine’s
ventilation system.

Diesel particulate levels in
underground mines depend on: (1) The
amount, size, and workload of diesel
equipment; (2) the rate of ventilation;
and, (3) the effectiveness of whatever
diesel particulate control technology
may be in place. In the dieselized mines
studied by MSHA, the sections used
either two or three diesel coal haulage
vehicles. In eastern mines, the haulage
vehicles were equipped with a nominal
100 horsepower engine. In western
mines, the haulage vehicles were
equipped with a nominal 150
horsepower engine. Ventilation rates
ranged from the approval plate
requirement, based on the 100-75-50
percent rule (Holtz, 1960), to ten times

provided in section 3 of Part II of the preamble to
the final M/NM rule.

3 Since area samples in return airways do not
necessarily represent locations where miners
normally work or travel, they were excluded from

the approval plate requirement. In most
cases, the section airflow was
approximately twice the approval plate
requirement. Other control technology
included aftertreatment filters and fuel.
Two types of aftertreatment filters were
used. These filters included a
disposable diesel emission filter (DDEF)
and a Wire Mesh Filter (WMF). The
DDEF is a commercially available
product; the WMF was developed by
and only used at one mine. Both low
sulfur and high sulfur fuels were used.

Figure III-1 displays the range of
exposure measurements obtained by
MSHA in the field studies it conducted
in underground coal mines. A study
normally consisted of collecting
samples on the continuous miner
operator and coal haulage vehicle

the present analysis. A number of area samples
were included, however, as described in Sections
1I.1.b and II.1.c. The included area samples were
all taken in production areas and haulageways.
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operators for two to three shifts, along
with area samples in the haulageways.

A total of 142 personal samples and 84
area samples were collected, excluding

any area samples taken in intake or
return airways.
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Figure 1Box plots (Tukey, 1977) for dpm concentrations observed at 12 underground
coal mines. Top and bottom of each box represent upper and lower quartiles,
respectively. “Belt” inside box represents median. Vertical lines span nearly all
measurements. Isolated points (either * or o) are outliers, representing unusually high
or low measurements compared to other observations at the same mine. All dpm
measurements were made using the size-selective method, based on gravimetric
determination of the amount of submicrometer dust collected with an impactor.

As stated in the proposed risk
assessment, no statistically significant
difference was observed in mean dpm
concentration between the personal and
area samples.* A total of 19 individual

4 One commenter (IMC Global) noted that MSHA
had provided no data verifying this statement. For
the 142 personal samples, the mean dpm
concentration measurement was 608 ug/m3, with a
standard error of 42.5 ug/m3. For the 84 area
samples, the mean was 705 pug/m3, with a standard
error of 82.1 ug/m3. The significance level (p-value)
of a t-test comparing these means is 0.29 using a
separate-variance test or 0.25 using a pooled-
variance test. Therefore, a difference in population
means cannot be inferred at any confidence level
greater than 75%.

Here, and in other sections of this risk
assessment, MSHA has employed standard

measurements exceeded 1500 pg/m3,
still excluding intake and return area
samples. Although the three highest of
these were from area samples, nine of
the 19 measurements exceeding 1500
ug/m3 were from personal samples.

In six mines, measurements were
taken both with and without use of
disposable after-treatment filters, so that
a total of eighteen studies, carried out in
twelve mines, are displayed. Without
use of after-treatment filters, average
observed dpm concentrations exceeded
500 pg/m?3 in eight of the twelve mines

statistical methods described in textbooks on
elementary statistical inference.

and exceeded 1000 pg/m?3 in four.5 At
five of the twelve mines, all dpm
measurements were 300 pg/m3 or greater
in the absence of after-treatment filters.

The highest dpm concentrations
observed at coal mines were collected at
Mine “G.” Eight of these samples were
collected during employment of WMFs,
and eight were collected while filters
were not being employed. Without
filters, the mean dpm concentration
observed at Mine “G” was 2052 pug/m3
(median = 2100 pg/m3). With
employment of WMFs, the mean

5In coal mine E, the average as expressed by the
mean exceeded 1000 pg/m3, but the median did not.
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dropped to 1241 pg/m3 (median = 1235
ug/ms3).

Filters were employed during three of
the four studies showing median dpm
concentration at or below 200 ug/m3.
After adjusting for outby sources of
dpm, exposures were found to be
reduced by up to 95 percent in mines
using the DDEF and by approximately
50 percent in the mine using the WMF.

The higher dpm concentrations
observed at the mine using the WMF
(Mine “G*”) are attributable partly to
the lower section airflow. The only
study without filters showing a median
concentration at or below 200 pg/m3
was conducted in a mine (Mine “A”’)
which had section airflow
approximately ten times the nameplate
requirement. The section airflow at the
mine using the WMF was approximately
the nameplate requirement.

Some commenters [e.g., WV Coal
Assoc and Energy West] objected to
MSHA'’s presentation of underground
coal mine exposures based on
measurements made using the size-
selective method (gravimetric
determination of the amount of
submicrometer dust collected with an
impactor). These commenters argued
that the data were “* * * collected with
emissions monitoring devices
discredited by MSHA itself in the
preamble * * *” and that these
measurements do not reliably “* * *
distinguish it [dpm] from other particles
in coal mine dust, at the critical upper
end range of submicron particles.”

MSHA did not “discredit”” use of the
size-selective method for all purposes.
As discussed elsewhere in this
preamble, the size-selective method of
measuring dpm was designed by the
former BOM specifically for use in coal
mines, and the size distribution of coal

mine dust was taken into account in its
development. Despite the recognized
interference from a small fraction of coal
mine dust particles, MSHA considers
gravimetric size-selective measurements
to be reasonably accurate in measuring
dpm concentrations greater than 200 pg/
m3, based on a full-shift sample, when
coal mine dust concentrations are not
excessive (i.e., not greater than 2.0 mg/
m3). Interference from submicrometer
coal mine dust is counter-balanced, to
some extent, by the fraction of larger
size, uncaptured dpm. Coal mine dust
concentrations were not excessive when
MSHA collected its size-selective
samples. Therefore, even if as much as
10 percent of the coal mine dust were
submicrometer, this fraction would not
have contributed significantly to the
high concentrations observed at the
sampled mines.

At lower concentrations, or shorter
sampling times, random variability in
the gravimetric determination of weight
gain becomes significant, compared to
the weight of dust accumulated on the
filter. For this reason, MSHA has
rejected the use of the gravimetric size-
selective method for enforcement
purposes.® This does not mean,
however, that MSHA has ‘“discredited”
this method for other purposes,
including detection of very high dpm
concentrations at coal mines (i.e.,
greater than 500 ug/m?3) and estimation
of average dpm concentrations, based on
multiple samples, when coal mine dust
concentrations are not excessive. On the

6 MSHA has concluded that random weighing
variability would make it impractical to use the
size-selective method to enforce compliance with
any dpm concentration limit less than about 300 pg/
m3. MSHA believes that, at such levels, single-
sample noncompliance determinations based on the
size-selective method could not be made at a
sufficiently high confidence level.

contrary, MSHA regards the gravimetric
size-selective method as a useful tool for
detecting and monitoring very high dpm
concentrations and for estimating
average exposures.

b. Underground Metal and Nonmetal
Mines

Currently there are approximately 265
underground M/NM mines in the
United States. Nearly all of these mines
utilize diesel powered equipment, and
27 of those doing so were sampled by
MSHA for dpm.” The M/NM studies
typically included measurements of
dpm exposure for dieselized production
equipment operators (such as truck
drivers, roof bolters, haulage vehicles)
on two to three shifts. A number of area
samples were also collected. None of the
M/NM mines studied were using diesel
particulate afterfilters.

Figure III-2 displays the range of dpm
concentrations measured by MSHA in
the 27 underground M/NM mines
studied. A total of 275 personal samples
and 80 area samples were collected,
excluding intake and return area
samples. Personal exposures observed
ranged from less than 100 ug/ms3 to more
than 3500 pg/m3. Exposure
measurements based on area samples
ranged from less than 100 ug/ms3 to more
than 3000 pg/m3. With the exception of
Mine “V”, personal exposures were for
face workers. Mine “V”’ did not use
dieselized face equipment.

BILLING CODE 4510-43-P

7 The proposal discussed data from 25
underground M/NM mines. Studies at two
additional mines, carried out too late to be included
in the proposal, were placed into the public record
along with the earlier studies. During the
proceedings, MSHA provided copies of all of these
studies to stakeholders requesting them.



Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations 5757

I I e N e

6000
5500~ *
50003
45003
4000~
35003
3000= o
25005 , 0,
20003 ?

1500=

10005 Q % ;
5003 T B = $ ? g] %

LI\ O A O S R Aé&é&é+
Underground M/NM Mines

Figure 2Box plots (Tukey, 1977) for dpm concentrations observed at 27 underground
metal and nonmetal mines. Top and bottom of each box represent upper and lower
quartiles, respectively. “Belt” inside box represents median. Vertical lines span nearly
all measurements. Isolated points (either * or o) are outliers, representing unusually
high or low measurements compared to other observations at same mine.
Measurements at Mine “T” and on one visit to mine “D” were made using the size-
selective method, based on gravimetric determinationof the amount of submicrometer
dust collected with an impactor. Measurements on another visit to mine “D” and at
Mines “Z” and “aa” were made using TC method. All other measurements were made
using RCD method. Because of potential interferences from cigarette smoke, samples
were not collected on or near smokers.
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As stated in the proposed risk
assessment, no statistically significant
difference was observed in mean dpm
concentration between the personal and
area samples.8 A total of 45 individual
measurements exceeded 1500 pg/ms3,
still excluding intake and return area
samples. The three highest of these, all
exceeding 3500 ug/ms3, were from
personal samples. Of the 45
measurements exceeding 1500 pg/ms3,
30 were from personal samples and 15
were from area samples.

Average observed dpm concentrations
exceeded 500 pg/m3 in 18 of the 27
underground M/NM mines and
exceeded 1000 pg/m3 in 12.9 At eight of
the 27 mines, all dpm measurements
exceeded 300 pg/m3. The highest dpm
concentrations observed at M/NM mines
were collected at Mine “E”. Based on 16
samples, the mean dpm concentration
observed at Mine “E” was 2008 ug/m3
(median = 1835 pg/m3). Twenty-five
percent of the dpm measurements at
this mine exceeded 2400 ug/m3. All four
of these were based on personal
samples.

As with underground coal mines,
dpm levels in underground M/NM
mines are related to the amount and size
of equipment, to the ventilation rate,
and to the effectiveness of the diesel
particulate control technology
employed. In the dieselized M/NM
mines studied by MSHA, front-end-
loaders were used either to load ore
onto trucks or to haul and load ore onto
belts. Additional pieces of diesel
powered support equipment, such as
bolters and mantrips, were also used at
the mines. The typical piece of
production equipment was rated at 150
to 350 horsepower. Ventilation rates in
the M/NM mines studied mostly ranged
from 100 to 200 cfm per horsepower of
equipment. In only a few of the mines
inventoried did ventilation exceed 200
cfm/hp. For single-level mines, working
areas were ventilated in series (i.e., the
exhaust air from one area became the
intake for the next working area). For
multi-level mines, each level typically
had a separate fresh air supply. One or

8 One commenter (IMC Global) noted that MSHA
had provided no data verifying this statement. For
the 275 personal samples, the mean dpm
concentration measurement was 770 ug/ms3, with a
standard error of 42.8 ug/ms3. For the 80 area
samples, the mean was 939 pug/ms3, with a standard
error of 86.6 ug/m3. The significance level (p-value)
of a t-test comparing these means is 0.08 using a
separate-variance test or 0.07 using a pooled-
variance test. Therefore, a difference in population
means cannot be inferred at a 95% confidence level.

9 At M/NM mines G, I, ], P, and Z the average as
expressed by the mean exceeded 1000 pug/m? but
the median did not. At M/NM mines H and S, the
median exceeded 1000 pg/m3 but the mean did not.
At M/NM mine K, the mean exceeded 500 pg/ms3,
but the median did not.

two working areas could be on a level.
Control technology used to reduce
diesel particulate emissions in mines
inventoried included oxidation catalytic
converters and engine maintenance
programs. Both low sulfur and high
sulfur fuel were used; some mines used
aviation grade low sulfur fuel.

Some commenters argued that,
because of the limited number of
underground M/NM mines sampled by
MSHA, “* * * results of MSHA’s
admittedly non-random sample cannot
be extrapolated to other mines.”
[MARG] More specifically, IMC Global
claimed that since only 25 [now 27] of
about 260 underground M/NM mines
were sampled,10 then “if the * * *
measurements are correct, this
information shows at best potential
exposure problems to diesel particulate
in only 10% of the miners working in
the metal-nonmetal mining sector and
then only for certain unlisted
commodities.” 11 IMC Global went on to
suggest that MSHA should “‘perform
sufficient additional exposure
monitoring * * * to show that the
diesel particulate exposures are
representative of the entire industry
before promulgating regulations that
will be applicable to the entire
industry.”

As mentioned earlier, MSHA
acknowledges that the mines for which
dpm measurements are available do not
comprise a statistically random sample
of all underground M/NM mines. MSHA
also acknowledges that the results
obtained for these mines cannot be
extrapolated in a statistically rigorous
way to the entire population of
underground M/NM mines. According
to MSHA'’s experience, however, the
selected mines (and sampling locations
within those mines) represent typical
diesel equipment use condition at
underground M/NM. MSHA believes
that results at these mines, as depicted
in Figure III-2, in fact fairly reflect the
broad range of diesel equipment used by
the industry, regardless of type of M/
NM mine. Based on its extensive
experience with underground mines,
MSHA believes that this body of data
better represents those diverse diesel
equipment use conditions, with respect

10 Three underground M/NM mine surveys,
carried out too late to be included in the discussion,
were placed into the public record and provided to
interested stakeholders. These surveys contained
data from two additional underground M/NM
mines (“Z” and ‘““aa”’) and additional data for a
mine (“d”) that had previously been surveyed. The
risk assessment has now been updated to include
these data, representing a total of 27 underground
M/NM mines.

11 A breakdown by commodity is given at the end
of this subsection.

to dpm exposures, than any other body
of data currently available.

MSHA strongly disagrees with IMC
Global’s contention that, “* * * this
information shows at best potential
exposure problems to diesel particulate
in only 10% of the miners working in
the metal-nonmetal mining sector.” IMC
Global apparently drew this conclusion
from the fact that MSHA sampled
approximately ten percent of all
underground M/NM mines. This line of
argument, however, depends on an
unwarranted and highly unrealistic
assumption: namely, that all of the
underground M/NM mines not included
in the sampled group of 25 experience
essentially no “potential [dpm]
exposure problems.” MSHA certainly
did not go out and, by chance or design,
pick for sampling just exactly those
mines experiencing the highest dpm
concentrations. IMC Global’s argument
fails to recognize that the sampled
mines could be fairly representative
without being randomly chosen.

MSHA also disagrees with the
premise that 27 [or 25 as in the
proposal] is an inherently insufficient
number of mines to sample for the
purpose of identifying an industry-wide
dpm exposure problem that would
justify regulation. The between-mine
standard deviation of the 27 mean
concentrations observed within mines
was 450 pg/m3. Therefore, the standard
error of the estimated grand mean, based
on the variability observed between
mines, was 450/\27 = 87 ug/m3.12
MSHA considers this degree of
uncertainty to be acceptable, given that
the overall mean concentration observed
exceeded 800 pg/m3.

Several commenters questioned
MSHA'’s use of the RCD and size-
selective methods for measuring dpm
exposures at underground M/NM mines.
IMC Global indicated that MSHA’s RCD
measurements might systematically
inflate the dpm concentrations
presented in this section, because
“* * * estimates for the non-diesel
particulate component of RCD actually
vary between 10% to 50%, averaging
33%.”

MSHA considers the size-selective,
gravimetric method capable of
providing reasonably accurate

12 This quantity, 87 ug/m3, differs from the
standard error of the mean of individual
measurements for underground M/NM mines,
presented in Table III-1. The tabled value is based
on 355 measurements whose standard deviation is
727pg/m3. Therefore, the standard error of the mean
of all individual measurements is 727/V355 = 39 g/
m3, as shown in the table. Similarly, the mean of
all individual measurements (listed in Table III-1
as 808 ug/m3) differs from the grand mean of
individual mean concentrations observed within
mines, which is 838 ug/ms3.
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measurements when the dpm Global) do not apply to the RCD ) Number of
concentration is greater than 200 ug/m?3, measurements depicted in Figure II1-2. Commodity mines
interferences are adequately limited, MSHA has three reasons for believing
and the measurement is based on a full- these RCD measurements consisted Other Nonmetal ........ccccoevvvnven. 2
shift sample. Relatively few M/NM almost entirely of dpm: Total o7
measurements were made using this (1) MSHA took special care to sample = wrereeeeeeeeee

method, and none at the mines showing
the highest dpm concentrations. No
evidence was presented that the size
distribution of coal mine dust (for
which the impactor was specifically
developed) differs from that of other
mineral dusts in a way that significantly
alters the impactor’s performance.
Similarly, MSHA considers the RCD
method, when properly applied, to be
capable of providing reasonably
accurate dpm measurements at
concentrations greater than 200 ug/m3.
As with the size selective method,
however, random weighing errors can
significantly reduce the precision of
even full-shift RCD measurements at
lower dpm concentrations. For this
reason, in order to maintain a
sufficiently high confidence level for its
noncompliance determinations, MSHA
will not use the RCD method for
enforcement purposes. This does not
mean, however, that MSHA has
“discredited” the RCD measurements
for all other purposes, including
detection of very high dpm
concentrations (i.e., greater than 300 ug/
m3) and estimation of average
concentrations based on multiple
samples. On the contrary, MSHA
considers the RCD method to be a useful
tool for detecting and monitoring very
high dpm concentrations in appropriate
environments and for estimating average
exposures when those exposures are
excessive.

MSHA did not employ an impactor in
its RCD measurements, and it is true
that some of these measurements may
have been subject to interference from
lubrication oil mists. However, MSHA
believes that the high estimates
sometimes made of the non-dpm
component of RCD (cited by IMC

only environments where interferences
would not be significant. No samples
were taken near pneumatic drills or
smoking miners.

(2) There was no interference from
carbonates. The RCD analysis was
performed at 500° C, and carbonates are
not released below 1000° C. (Gangel and
Dainty, 1993)

(3) Although high sulphur fuel was
used in some mines, thereby adding
sulfates to the RCD measurement, these
sulfates are considered part of the dpm,
as explained in section 2 of Part II of
this preamble. Sulfates should not be
regarded as an interference in RCD
measurements of dpm.

Commenters presented no evidence
that there were substantial interferences
in MSHA’s RCD measurements, and, as
stated above, MSHA was careful to
avoid them. Therefore, MSHA considers
it reasonable, in the context of this risk
assessment, to assume that all of the
RCD was in fact dpm. Moreover, in the
majority of underground M/NM mines
sampled, even if the RCD measurements
were reduced by Vs, the mine’s average
would still be excessive: it would still
exceed the maximum exposure level
reported for non-mining occupations
presented in section III.1.d.

The breakdown, as suggested by IMC
Global, of sampled underground M/NM
mines by commodity is as follows:

Number of

Commodity mines

[70]o] o1 R
Gold
Lead/Zinc
Limestone ..

Potash ........

Salt ..o
Trona (soda ash)

NONOOO—=N

c. Surface Mines

Currently, there are approximately
12,620 surface mining operations in the
United States. The total consists of
approximately 1,550 coal mines and
11,070 M/NM mines. Virtually all of
these mines utilize diesel powered
equipment.

MSHA conducted dpm studies at
eleven surface mining operations: eight
coal mines and three M/NM mines.
MSHA deliberately directed its surface
sampling efforts toward occupations
likely to experience high dpm
concentrations. To help select such
occupations, MSHA first made a visual
examination (based on blackness of the
filter) of surface mine respirable dust
samples collected during a November
1994 study of surface coal mines. This
preliminary screening of samples
indicated that relatively high surface
mine dpm concentrations are typically
associated with front-end-loader
operators and haulage-truck operators;
accordingly, sampling focused on these
operations. A total of 45 samples was
collected.

Figure III-3 displays the range of dpm
concentrations measured at the eleven
surface mines. The average dpm
concentration observed was less than
200 ug/m3 at all mines sampled. The
maximum dpm concentration observed
was less than or equal to 200 ug/m?3 in
8 of the 11 mines (73%). The surface
mine studies suggest that even when
sampling is performed at the areas of
surface mines believed most likely to
have high exposures, dpm
concentrations are generally likely to be
less than 200 pg/m3.

BILLING CODE 4510-43-P
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Figure 3Box plots (Tukey, 1977) for dpm concentrations observed at 11 surface
mines. Top and bottom of each box represent upper and lower quartiles, respectively.
“Belt” inside box represents median. Vertical lines span nearly all measurements.
Isolated points (either % or ©0) are outliers, representing unusually high
or low measurements compared to other observations at the same
mine. All dpm measurements were made using the size-selective
method, based on gravimetric determination of the amount of
submicrometer dust collected with an impactor. Because of
potential interferences from cigarette smoke, samples were not
collected on smokeres who worked inside enclosures.
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d. Miner Exposures Compared to
Exposures of Other Groups

Occupational exposure to diesel
particulate primarily originates from
industrial operations employing
equipment powered with diesel engines.
Diesel engines are used to power ships,
locomotives, heavy duty trucks, heavy
machinery, as well as a small number of
light-duty passenger cars and trucks.
NIOSH has estimated that
approximately 1.35 million workers are
occupationally exposed to the
combustion products of diesel fuel in
approximately 80,000 workplaces in the
United States. (NIOSH 1988) Workers
who are likely to be exposed to diesel
emissions include: mine workers; bridge
and tunnel workers; railroad workers;
loading dock workers; truck drivers;
fork-lift drivers; farm workers; and,
auto, truck, and bus maintenance garage
workers (NIOSH, 1988). Besides miners,
groups for which occupational
exposures have been reported and
health effects have been studied include
loading dock workers, truck drivers, and
railroad workers.

As estimated by the reported
geometric mean,3 the median site-
specific occupational exposures for
loading dock workers operating or
otherwise exposed to unfiltered diesel
fork lift trucks ranged from 23 to 55 pg/
m3, as measured by submicrometer
elemental carbon (EC) (NIOSH, 1990).
Reported geometric mean

13 Median concentrations were not reported. The
geometric mean provides a smoothed estimate of
the median.

concentrations of submicrometer EC
ranged from 2.0 to 7.0 ug/m3 for truck
drivers and from 4.8 to 28 ug/m3 for
truck mechanics, depending on weather
conditions (Zaebst et al., 1991).

Because these exposure averages,
unlike those for railroad workers and
miners, were reported in terms of EC, it
is necessary, for purposes of
comparison, to convert them to
estimates of total dpm. Watts (1995)
states that “elemental carbon generally
accounts for about 40% to 60% of diesel
particulate mass.” Therefore, in earlier
versions of this risk assessment, a 2.0
conversion factor was assumed for dock
workers, truck drivers, and truck
mechanics, based on the midpoint of the
40-60% range proposed by Watts.

Some commenters objected to
MSHA'’s use of this conversion factor.
IMC Global, for example, asserted that
Watts’ “* * * 40 to 60% relationship
between elemental carbon and diesel
particulate mass * * * applies only to
underground coal mines where diesel
haulage equipment is used.” IMC
Global, and other commenters, also
objected to MSHA'’s use of a single
conversion factor for “* * * different
types of diesel engines under different
duty cycles with different fuels and
different types of emission control
devices (if any) subjected to varying
degrees of maintenance.”

MSHA'’s quotation from Watts (1995)
was taken from the “Summary” section
of his paper. That paper covers a variety
of occupational environments, and the
summary makes no mention of coal
mines. The sentence immediately

preceding the quoted passage refers to
the “occupational environment” in
general, and there is no indication that
Watts meant to restrict the 40- to 60-
percent range to any specific
environment. It seems clear that the 40-
to 60-percent range refers to average
values across a spectrum of
occupational environments.

IMC Global mistakenly attributed to
MSHA ““the blanket statement” that the
same ratio of elemental carbon to dpm
applies “for all diesel engines in
different industries for all patterns of
use.” MSHA made no such statement.
On the contrary, MSHA agrees with
Watts (and IMC Global) that “the
percentage of elemental carbon in total
diesel particulate matter fluctuates”
depending on “‘engine type, duty cycle,
fuel, lube oil consumption, state of
engine maintenance, and the presence
or absence of an emission control
device.” (Watts, op cit.) Indeed, MSHA
acknowledges that, because of these
factors, the percentage on a particular
day in a particular environment may
frequently fall outside the stated range.
But MSHA is not applying a single
conversion factor to individual
elemental carbon measurements and
claiming knowledge of the total dpm
corresponding to each separate
measurement. Instead, MSHA 1is
applying an average conversion factor to
an average of measurements in order to
derive an estimate of an average dpm
exposure. Averages are always less
widely dispersed than individual
values.
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Still, MSHA agrees with IMC Global
that better estimates of dpm exposure
levels are attainable by applying
conversion factors more specifically
related to the separate categories within
the trucking industry: dock workers,
truck drivers, and truck mechanics.
Based on a total of 63 field
measurements, the mean ratios (in
percent) of EC to total carbon (TC)
reported for these three categories were
47.3, 36.6, and 34.2, respectively (Zaebst
etal., 1991).14 As explained elsewhere
in this preamble, TC amounts to
approximately 80 percent, by weight, of
total dpm. Therefore, each of these
ratios must be multiplied by 0.8 in order
to estimate the corresponding
percentage of EC in dpm.

It follows that the median mass
concentration of dpm can be estimated
as 2.64 (i.e., 1/(0.473x0.8)) times the
geometric mean EC reported for dock
workers, 3.42 times the geometric mean
EC for truck drivers, and 3.65 times the
geometric mean EC for truck mechanics.
Applying the 2.64 conversion factor to
the range of geometric mean EC
concentrations reported for dock
workers (i.e, 23 to 55 ug/m3) results in
an estimated range of 61 to 145 ug/m3
in median dpm concentrations at

14 MSHA calculated the ratio for truck drivers by
taking a weighted average of the ratios reported for
“local drivers” and “road drivers.”

various docks. Similarly, the estimated
range of median dpm concentrations is
calculated to be 6.8 to 24 pg/ms3 for truck
drivers and 18 to 102 pg/m3 for truck
mechanics. It should be noted that
MSHA is using conversion factors only
for those occupational groups whose
geometric mean exposures have been
reported in terms of EC measurements.

Average exposures of railroad workers
to dpm were estimated by Woskie et al.
(1988) and Schenker et al. (1990). As
measured by total respirable particulate
matter other than cigarette smoke,
Woskie et al. reported geometric mean
concentrations for various occupational
categories of exposed railroad workers
ranging from 49 to 191 pg/m3.

For comparison with the exposures
reported for these other industries,
median dpm exposures measured
within sampled mines were calculated
directly from the data described in
subsections a, b, and c above. The
median within each mine is shown as
the horizontal “belt” plotted for the
mine in Figures III-1, I1I-2, and III-3.

Figure III-4 compares the range of
median dpm concentrations observed
for mine workers within different mines
to a range of dpm exposure levels
estimated for urban ambient air and to
the ranges of median dpm
concentrations estimated for loading
dock workers operating or otherwise

exposed to diesel fork lift trucks, truck
drivers, truck mechanics, and railroad
workers. The range for ambient air, 1 to
10 pg/m3, was obtained from Cass and
Gray (1995). For dock workers, truck
drivers, truck mechanics, and railroad
workers, the estimated ranges of median
dpm exposures are, respectively: 61 to
145 ug/m3, 6.8 to 24 ug/m3, 18 to 102
pg/m3 and 49 to 191 pug/m3. The range
of median dpm concentrations observed
at different underground coal mines is
55 to 2100 ug/m3, with filters employed
at mines showing the lower
concentrations.’® For underground M/
NM mines, the corresponding range is
68 to 1835 ug/m3, and for surface mines
it is 19 to 160 pg/m3. Since each range
plotted is a range of median values or
(for ambient air) mean values, the plots
do not encompass all of the individual
measurements reported.

BILLING CODE 4510-43-P

15 One commenter misinterpreted the tops of the
ranges plotted in Figure III-4. This commenter
apparently mistook the top of the range depicted for
underground coal mines as the mean or median
dpm exposure concentration measured across all
underground coal mines. The top of this range (at
2100 pg/m3, actually represents the highest median
concentration at any of the coal mines sampled. It
corresponds to the “belt” plotted for Mine “G”
(with no after-filters) in Figure III-1. The bottom of
the same bar, at 55 pug/m3, corresponds to the “belt”
plotted for Mine H* (with after-filters) in Figure III-
1.
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Figure Ill-4. — Range of median dpm exposure levels observed within various mines
for underground and surface miners compared to range of median Dpm exposure
levels estimated for other occupations. Range of dpm exposure levels for ambient air is
for urban environments only and is based on the monthly mean for different months
and locations in Southern California. Range for ambient air is roughly 1 to 10 n.g/m3.
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As shown in Figure III-4, some
miners are exposed to far higher
concentrations of dpm than are any
other populations for which exposure
data have been reported. Indeed,
median dpm concentrations observed in
some underground mines are up to 200
times as high as mean environmental
exposures in the most heavily polluted
urban areas,16 and up to 10 times as
high as median exposures estimated for
the most heavily exposed workers in
other occupational groups.

Several commenters objected to
Figure I1I-4 and, more generally, to
MSHA'’s comparison of dpm exposure
levels for miners against the levels
reported for other occupations. The
objections to MSHA’s method of
estimating ranges of median dpm
exposure for job categories within the
trucking industry have already been
discussed and addressed above. Other
objections to the comparison were based
on claims of insufficient accuracy in the
RCD and gravimetric size selective
measurements MSHA used to measure
dpm levels for miners. MSHA considers
its use of these methods appropriate for
purposes of this comparison and has
responded to criticisms of the dpm
measurements for miners in Subsections
1.a and 1.b of this risk assessment.1?

Some commenters objected to
MSHA'’s basing a characterization of
dpm exposures to miners on data
spanning a ten-year period. These
commenters contended that, in at least
some M/NM mines, dpm levels had
improved substantially during that
period. No data were submitted,
however, to support the premise that
dpm exposures throughout the mining
industry have declined to the levels
reported for other occupations. As
stated in the proposal and emphasized
above, MSHA’s dpm measurements
were not technically designed as a
random or statistically representative
sample of the industry. They do show,
however, that very high exposures have

161t should be noted, however, that 24-hour
environmental exposures for a full lifetime are not
directly comparable with workday exposures over
an occupational lifetime. If it is assumed that air
inhaled during a work shift comprises half the total
air inhaled during a 24-hour day, then the amount
of air inhaled over the course of a 70-year lifetime
is approximately 4.7 times the amount inhaled over
a 45-year occupational lifetime with 240 working
days per year.

17 One commenter pointed out that the
measurements for miners included both area and
personal samples but provided no evidence that
this would invalidate the comparison. As pointed
out in Subsections 1.a and 1.b, area samples did not
dominate the upper end of MSHA’s dpm
measurements. Furthermore, Figure III-4 presents a
comparison of medians rather than means or
individual measurements, so inclusion of the area
samples has very little impact on the results.

recently occurred in some mines. For
example, as shown in Figure III-2, more
than 25 percent of MSHA’s dpm
measurements exceeded 2000 pg/m3 at
underground M/NM mines “U”” and
“Z”—and these measurements were
made in 1996—7. In M/NM mines where
exposures are actually commensurate
with other industries already, little or
nothing would need to be changed to
meet the exposure limits.

IMC Global further objected to Figure
I1I-4 on the grounds that “* * * the
assumptions that MSHA used to
develop that figure are grossly
inaccurate and do not do make sense in
the context of a dose-response
relationship between lung cancer and
dpm exposure.” IMC Global suggested
that the comparison in Figure II1-4 be
deleted for this reason. MSHA believes
that the comparison is informative and
that empirical evidence should be used,
when it is available, even though the
evidence was not generated under ideal,
theoretical dose-response model
conditions. The issue of whether Figure
1114 is consistent with an exposure-
response relationship for dpm is
addressed in Subsection 3.a.iii(4) of this
risk assessment.

2. Health Effects Associated With DPM
Exposures

This section reviews the various
health effects (of which MSHA is aware)
that may be associated with dpm
exposures. The review is divided into
three main sections: acute effects, such
as diminished pulmonary function and
eye irritation; chronic effects, such as
lung cancer; and mechanisms of
toxicity. Prior to that review, however,
the relevance of certain types of
information will be considered. This
discussion will address the relevance of
health effects observed in animals,
health effects that are reversible, and
health effects associated with fine
particulate matter in the ambient air.

Several commenters described
medical surveillance studies that
NIOSH and/or the former Bureau of
Mines had carried out in the late 1970s
and early 1980s on underground miners
employed in western, dieselized coal
mines. These commenters urged MSHA
to make these studies available and to
consider the results in this rulemaking.
Some of these commenters also
suggested that these data would provide
a useful baseline for pulmonary
function and lung diseases among
miners exposed to dpm, and
recommended that follow-up
examinations now be conducted to
evaluate the possible effects of chronic
dpm exposure.

In response to such comments
presented at some of the public
hearings, another commenter wrote:

First of all, MSHA is not a research agency,
it is a regulatory agency, so that it would be
inappropriate for MSHA to initiate research.
MSHA did request that NIOSH conduct a risk
assessment on the health effects of diesel
exhaust and encouraged NIOSH and is
currently collaborating with NIOSH (and
NCI) on research of other underground
miners exposed to diesel exhaust. And third,
research on the possible carcinogenicity of
diesel particulate matter was not undertaken
on coal miners in the West or anywhere else
because of the confounding exposure to
crystalline silica, also considered a
carcinogen, because too few coal miners have
been exposed, and for too short a time to
conduct a valid study. It was not arbitrariness
or indifference on MSHA'’s part that it did
not initiate research on coal miners; it was
not within their mandate and it is
inappropriate in any event. [UMWA]

Three reports summarizing and
presenting results from these medical
surveillance studies related to dpm
exposures in coal mines were, in fact,
utilized and cited in the proposed risk
assessment (Ames et al., 1982; Reger et
al., 1982; Ames et al., 1984). Ames et al.
(1982) evaluated acute respiratory
effects, and their results are considered
in Subsection 2.b.ii of this risk
assessment. Reger et al. (1982) and
Ames et al. (1984) evaluated chronic
effects, and their results are considered
in Subsection 2.c.i(1).

A fourth report (Glenn et al., 1983)
summarized results from the overall
research program of which the coal
mine studies were a part. This health
and environmental research program
included not only coal miners, but also
workers at potash, trona, salt, and metal
mines. All subjects were given chest
radiographs and spirometric tests and
were questioned about respiratory
symptoms, smoking and occupational
history. In conjunction with these
medical evaluations, industrial hygiene
surveys were conducted to characterize
the mine environments where diesel
equipment was used. Diesel exhaust
exposure levels were characterized by
area and personal samples of NO; (and,
in some cases, additional gasses),
aldehydes, and both respirable and total
dust. For the evaluations of acute
effects, exposure measures were based
on the shift concentrations to which the
examined workers were exposed. For
the evaluations of chronic effects,
exposures were usually estimated by
summing the products of time spent in
various locations by each miner by
concentrations estimated for the various
locations. Results of studies on acute
effects in salt mines were reported by
Gamble et al. (1978) and are considered
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in Subsection 2.b.ii of this risk
assessment. Attfield (1979), Attfield et
al. (1982), and Gamble et al. (1983)
evaluated effects in M/NM mines, and
their results are considered in
Subsection 2.c.i(1). The general
summary provided by Glenn et al.
(1983) was among the reports that one
commenter (MARG) listed as having
received inadequate attention in the
proposed risk assessment. In that
context, the general results summarized
in this report are discussed, under the
heading of “‘Counter-Evidence,” in
Subsection 2.c.i(2)(a) of this risk
assessment.

a. Relevancy Considerations

i. Animal Studies. Since the lungs of
different species may react differently to
particle inhalation, it is necessary to
treat the results of animal studies with
some caution. Evidence from animal
studies can nevertheless be valuable—
both in helping to identify potential
human health hazards and in providing
a means for studying toxicological
mechanisms. Respondents to MSHA’s
ANPRM who addressed the question of
relevancy urged consideration of all
animal studies related to the health
effects of diesel exhaust.

Unlike humans, laboratory animals
are bred to be homogeneous and can be
randomly selected for either non-
exposure or exposure to varying levels
of a potentially toxic agent. This permits
setting up experimental and control
groups of animals that exhibit relatively
little biological variation prior to
exposure. The consequences of
exposure can then be determined by
comparing responses in the
experimental and control groups. After
a prescribed duration of deliberate
exposure, laboratory animals can also be
sacrificed, dissected, and examined.
This can contribute to an understanding
of mechanisms by which inhaled
particles may exert their effects on
health. For this reason, discussion of the
animal evidence is placed in the section
entitled “Mechanisms of Toxicity”
below.

Animal evidence also can help isolate
the cause of adverse health effects
observed among humans exposed to a
variety of potentially hazardous
substances. If, for example, the
epidemiologic data are unable to
distinguish between several possible
causes of increased risk of disease in a
certain population, then controlled
animal studies may provide evidence
useful in suggesting the most likely
explanation—and provide that
information years in advance of
definitive evidence from human
observations.

Furthermore, results from animal
studies may also serve as a check on the
credibility of observations from
epidemiologic studies of human
populations. If a particular health effect
is observed in animals under controlled
laboratory conditions, this tends to
corroborate observations of similar
effects in humans.

One commenter objected to MSHA'’s
reference to using animal studies as a
‘“‘check” on epidemiologic studies. This
commenter emphasized that animal
studies provide far more than just
corroborative information and that
researchers use epidemiologic and
animal studies “* * * to help
understand different aspects of the
carcinogenic process.” 18 MSHA does
not dispute the utility of animal studies
in helping to provide an understanding
of toxicological processes and did not
intend to belittle their importance for
this purpose. In fact, MSHA places the
bulk of its discussion of these studies in
a section entitled “Mechanisms of
Toxicity.” However, MSHA considers
the use of animal studies for
corroborating epidemiologic
associations to be also important—
especially with respect to ruling out
potential confounding effects and
helping to establish causal linkages.
Animal studies make possible a degree
of experimental design and statistical
rigor that is not attainable in human
studies.

Other commenters disputed the
relevance of at least some animal data
to human risk assessment. For example,
The West Virginia Coal Association
indicated the following comments by
Dr. Peter Valberg:

* * * scientists and scientific advisory
groups have treated the rat bioassay for
inhaled particles as unrepresentative of
human lung-cancer risks. For example, the
Presidential/Congressional Commission on
Risk Assessment and Risk Management
(“CCRARM”) noted that the response of rat
lungs to inhaled particulate in general is not
likely to be predictive of human cancer risks.
More specific to dpm, the Clean Air
Scientific Advisory Committee (“CASAC”), a
peer-review group for the U.S. EPA, has
commented on two drafts (1995 and 1998) of
the EPA’s Health Assessment Document on
Diesel Exhaust. On both occasions, CASAC
emphasized that the data from rats are not
relevant for human risk assessment.
Likewise, the Health Effects Institute also has
concluded that rat data should not be used
for assessing human lung cancer risk.

Similarly, the NMA commented that the
1998 CASAC review ‘“‘makes it crystal
clear that the rat studies cited by MSHA

18 This risk assessment is not limited to cancer
effects, but the commenter’s point can be
generalized.

should not be relied upon as legitimate
indicators of the carcinogenicity of Dpm
in humans.” The Nevada Mining
Association, endorsing Dr. Valberg’s
comments, added:

* * * 1o the extent that MSHA wishes to
rest its case on rat studies, Dr. Valberg,
among others, has impressively demonstrated
that these studies are worthless for human
comparison because of rats’ unique and
species-specific susceptibility to inhaled
insoluble particles.

However, neither Dr. Valberg nor the
Nevada Mining Association provided
evidence that rats’ susceptibility to
inhaled insoluble particles was
“unique” and that humans, for example,
were not also susceptible to lung
overload at sufficiently high
concentrations of fine particles. Even if
(as has apparently been demonstrated)
some species (such as hamsters) do not
exhibit susceptibility similar to rats, this
by no means implies that rats are the
only species exhibiting such
susceptibility.

These commenters appear at times to
be saying that, because studies of lung
cancer in rats are (in the commenters’
view) irrelevant to humans, MSHA
should completely ignore all animal
studies related to dpm. To the extent
that this was the position advocated, the
commenters’ line of reasoning neglects
several important points:

1. The animal studies under
consideration are not restricted to
studies of lung cancer responses in rats.
They include studies of bioavailability
and metabolism as well as studies of
immunological and genotoxic responses
in a variety of animal species.

2. The context for the determinations
cited by Dr. Valberg was risk assessment
at ambient levels, rather than the much
higher dpm levels to which miners are
exposed. The 1995 HEI report to which
Dr. Valberg alludes acknowledged a
potential mechanism of lung overload in
humans at dpm concentrations
exceeding 500 pug/m3 (HEI, 1995). Since
miners may concurrently be exposed to
concentrations of mineral dusts
significantly exceeding 500 pg/m3,
evidence related to the consequences of
lung overload has special significance
for mining environments.

3. The scientific authorities cited by
Dr. Valberg and other commenters
objected to using existing animal studies
for quantitative human risk assessment.
MSHA has not proposed doing that.
There is an important distinction
between extrapolating results from the
rat studies to human populations and
using them to confirm epidemiologic
findings and to identify and explore
potential mechanisms of toxicity.
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MSHA by no means ‘“wishes to rest its
case on rat studies,” and it has no
intention of doing so. MSHA does
believe, however, that judicious
consideration of evidence from animal
studies is appropriate. The extent to
which MSHA utilizes such evidence to
help draw specific conclusions will be
clarified below in connection with those
conclusions.

ii. Reversible Health Effects. Some
reported health effects associated with
dpm are apparently reversible—i.e., if
the worker is moved away from the
source for a few days, the symptoms
dissipate. A good example is eye
irritation.

In response to the ANPRM, questions
were raised as to whether so-called
“reversible” effects can constitute a
“material” impairment. For example, a
predecessor constituent of the National
Mining Association (NMA) argued that
“it is totally inappropriate for the
agency to set permissible exposure
limits based on temporary, reversible
sensory irritation” because such effects
cannot be a “material” impairment of
health or functional capacity within the
definition of the Mine Act (American
Mining Congress, 87—-0-21, Executive
Summary, p. 1, and Appendix A).

MSHA does not agree with this
categorical view. Although the
legislative history of the Mine Act is
silent concerning the meaning of the
term “material impairment of health or
functional capacity,” and the issue has
not been litigated within the context of
the Mine Act, the statutory language
about risk in the Mine Act is similar to
that under the OSH Act. A similar
argument was dispositively resolved in
favor of the Occupational Safety and
Health Administration (OSHA) by the
11th Circuit Court of Appeals in AFL-
CIO v. OSHA, 965 F.2d 962, 974 (1992).

In that case, OSHA proposed new
limits on 428 diverse substances. It
grouped these into 18 categories based
upon the primary health effects of those
substances: e.g., neuropathic effects,
sensory irritation, and cancer. (54 FR
2402). Challenges to this rule included
the assertion that a “sensory irritation”
was not a “material impairment of
health or functional capacity”” which
could be regulated under the OSH Act.
Industry petitioners argued that since
irritant effects are transient in nature,
they did not constitute a “material
impairment.” The Court of Appeals
decisively rejected this argument.

The court noted OSHA'’s position that
effects such as stinging, itching and
burning of the eyes, tearing, wheezing,
and other types of sensory irritation can
cause severe discomfort and be
seriously disabling in some cases.

Moreover, there was evidence that
workers exposed to these sensory
irritants could be distracted as a result
of their symptoms, thereby endangering
other workers and increasing the risk of
accidents. (Id. at 974). This evidence
included information from NIOSH about
the general consequences of sensory
irritants on job performance, as well as
testimony by commenters on the
proposed rule supporting the view that
such health effects should be regarded
as material health impairments. While
acknowledging that “irritation” covers a
spectrum of effects, some of which can
be minor, OSHA had concluded that the
health effects associated with exposure
to these substances warranted action—
to ensure timely medical treatment,
reduce the risks from increased
absorption, and avoid a decreased
resistance to infection (Id at 975).
Finding OSHA’s evaluation adequate,
the Court of Appeals rejected
petitioners’ argument and stated the
following:

We interpret this explanation as indicating
that OSHA finds that although minor
irritation may not be a material impairment,
there is a level at which such irritation
becomes so severe that employee health and
job performance are seriously threatened,
even though those effects may be transitory.
We find this explanation adequate. OSHA is
not required to state with scientific certainty
or precision the exact point at which each
type of sensory or physical irritation becomes
a material impairment. Moreover, section
6(b)(5) of the Act charges OSHA with
addressing all forms of “material impairment
of health or functional capacity,” and not
exclusively “death or serious physical harm”
or “grave danger” from exposure to toxic
substances. See 29 U.S.C. 654(a)(1), 655(c).
[Id. at 974].

In its comments on the proposed rule,
the NMA claimed that MSHA had
overstated the court’s holding. In
making this claim, the NMA attributed
to MSHA an interpretation of the
holding that MSHA did not put forth. In
fact, MSHA agrees with the NMA’s
interpretation as stated in the following
paragraph and takes special note of the
NMA’s acknowledgment that transitory
or reversible effects can sometimes be so
severe as to seriously threaten miners’
health and safety:

NMA reads the Court’s decision to mean
(as it stated) that “minor irritation may not
be a material impairment” * * * but that
irritation can reach ‘“‘a level at which [it]
becomes so severe that employee health and
job performance are seriously threatened
even though those effects may be transitory.”
* * * AMC in 1992 and NMA today are fully
in accord with the view of the 11th Circuit
that when health effects, transitory or
otherwise, become so ‘“severe” as to
“seriously threaten’” a miner’s health or job

performance, the materiality threshold has
been met.

The NMA, then, apparently agrees
with MSHA that sensory irritations and
respiratory symptoms can be so severe
that they cross the material impairment
threshold, regardless of whether they
are “reversible.” Therefore, as MSHA
has maintained, such health effects are
highly relevant to this risk assessment—
especially since impairments of a
miner’s job performance in an
underground mining environment could
seriously threaten the safety of both the
miner and his or her co-workers.
Sensory irritations may also impede
miners’ ability to escape during
emergencies.

The NMA, however, went on to
emphasize that “* * * federal appeals
courts have held that ‘mild discomfort’
or even ‘moderate irritation’ do not
constitute ‘significant’ or ‘material’
health effects”:

In International Union v. Pendergrass, 878
F. 2d 389 (1989), the D.C. Circuit upheld
OSHA'’s formaldehyde standard against a
challenge that it did not adequately protect
against significant noncarcinogenic health
effects, even though OSHA had found that,
at the permissible level of exposure, “20% of
workers suffer ‘mild discomfort’, while 30%
more experience ‘slight discomfort’,” Id. at
398. Likewise, in Texas Independent Ginners
Ass’n. v. Marshall, 630 F, 2d 398 (1980), the
Fifth Circuit Court of Appeals held that
minor reversible symptoms do not constitute
material impairment unless OSHA shows
that those effects might develop into chronic
disease. Id. at 408—09.

MSHA is fully aware of the
distinction that courts have made
between mild discomfort or irritation
and transitory health effects that can
seriously threaten a miner’s health and
safety. MSHA’s position, after reviewing
the scientific literature, public
testimony, and comments, is that all of
the health effects considered in this risk
assessment fall into the latter category.

iii. Health Effects Associated with
PM; s in Ambient Air. There have been
many studies in recent years designed to
determine whether the mix of
particulate matter in ambient air is
harmful to health. The evidence linking
particulates in air pollution to health
problems has long been compelling
enough to warrant direction from the
Congress to limit the concentration of
such particulates (see part II, section 5
of this preamble). In recent years, the
evidence of harmful effects due to
airborne particulates has increased,
suggesting that “fine” particulates (i.e.,
particles less than 2.5 um in diameter)
are more strongly associated than
“coarse’ respirable particulates (i.e.,
particles greater than 2.5 um but less
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than 10 um in diameter) with the
adverse health effects observed (EPA,
1996).

MSHA recognizes that there are two
difficulties involved in utilizing the
evidence from such studies in assessing
risks to miners from occupational dpm
exposures. First, although dpm is a fine
particulate, ambient air also contains
fine particulates other than dpm.
Therefore, health effects associated with
exposures to fine particulate matter in
air pollution studies are not associated
specifically with exposures to dpm or
any other one kind of fine particulate
matter. Second, observations of adverse
health effects in segments of the general
population do not necessarily apply to
the population of miners. Since, due to
age and selection factors, the health of
miners differs from that of the public as
a whole, it is possible that fine particles
might not affect miners, as a group, to
the same degree as the general
population.

Some commenters reiterated these
two points, recognized by MSHA in the
proposal, without addressing MSHA'’s
stated reasons for including health
effects associated with fine particulates
in this risk assessment. There are
compelling reasons why MSHA
considered this body of evidence in this
rulemaking.

Since dpm is a type of respirable
particle, information about health
effects associated with exposures to
respirable particles, and especially to
fine particulate matter, is certainly
relevant, even if difficult to apply
directly to dpm exposures. Adverse
health effects in the general population
have been observed at ambient
atmospheric particulate concentrations
well below the dpm concentrations
studied in occupational settings. The
potency of dpm differs from the total
fine particulate found in ambient air.
This makes it difficult to establish a
specific exposure-response relationship
for dpm that is based on fine particle
results. However, this does not mean
that these results should be ignored in
a dpm risk assessment. The available
evidence of adverse health effects
associated with fine particulates is still
highly relevant for dpm hazard
identification. Furthermore, as shown in
Subsection 3.c.ii of this risk assessment,
the fine particle research findings can be
used to construct a rough exposure-
response relationship for dpm, showing
significantly increased risks of material
impairment among exposed miners.
MSHA'’s estimates are based on the best
available epidemiologic evidence and
show risks high enough to warrant
regulatory action.

Moreover, extensive scientific
literature shows that occupational dust
exposures contribute to the
development of Chronic Obstructive
Pulmonary Diseases (COPD), thereby
compromising the pulmonary reserve of
some miners. Miners experience COPD
at a significantly higher rate than the
general population (Becklake 1989,
1992; Oxman 1993; NIOSH 1995). In
addition, many miners also smoke
tobacco. This places affected miners in
subpopulations specifically identified as
susceptible to the adverse health effects
of respirable particle pollution (EPA,
1996). Some commenters (e.g., MARG)
repeated MSHA's observation that the
population of miners differs from the
general population but failed to address
MSHA’s concern for miners’ increased
susceptibility due to COPD incidence
and/or smoking habits. The Mine Act
requires that standards “* * * most
adequately assure on the basis of the
best available evidence that no miner
suffer material impairment of health or
functional capacity * * *” (Section
101(a)(6), emphasis added). This most
certainly authorizes MSHA to protect
miners who have COPD and/or smoke
tobacco.

MARG also submitted the opinion
that if “* * * regulation of fine
particulate matter is necessary, it
[MSHA] should propose a rule dealing
specifically with the issue of concern,
rather than a rule that limits total
airborne carbon or arbitrarily singles out
diesel exhaust * * *.” MSHA'’s concern
is not with “total airborne carbon” but
with dpm, which consists mostly of
submicrometer airborne carbon. At issue
here, however, are the adverse health
effects associated with dpm exposure.
Dpm is a type of fine particulate, and
there is no evidence to suggest that the
dpm fraction contributes less than other
fine particulates to adverse health
effects linked to exposures in ambient
air.

For this reason, and because miners
may be especially susceptible to fine
particle effects, MSHA has concluded,
after considering the public comments,
that the body of evidence from air
pollution studies is highly relevant to
this risk assessment. The Agency is,
therefore, taking that evidence fully into
account.

b. Acute Health Effects

Information pertaining to the acute
health effects of dpm includes anecdotal
reports of symptoms experienced by
exposed miners, studies based on
exposures to diesel emissions, and
studies based on exposures to
particulate matter in the ambient air.
These will be discussed in turn.

Subsection 2.a.iii of this risk assessment
addressed the relevance to dpm of
studies based on exposures to
particulate matter in the ambient air.

Only the evidence from human
studies will be addressed in this section.
Data from genotoxicity studies and
studies on laboratory animals will be
discussed later, in Subsection 2.d on
mechanisms of toxicity. Section 3.a and
3.b contain MSHA'’s interpretation of
the evidence relating dpm exposures to
acute health hazards.

i. Symptoms Reported by Exposed
Miners. Miners working in mines with
diesel equipment have long reported
adverse effects after exposure to diesel
exhaust. For example, at the dpm
workshops conducted in 1995, a miner
reported headaches and nausea
experienced by several operators after
short periods of exposure (dpm
Workshop; Mt. Vernon, IL, 1995).
Another miner reported that smoke from
poorly maintained equipment, or from
improper fuel use, irritates the eyes,
nose, and throat. “We’ve had people
sick time and time again * * * at times
we’ve had to use oxygen for people to
get them to come back around to where
they can feel normal again.” (dpm
Workshop; Beckley, WV, 1995). Other
miners (dpm Workshops; Beckley, WV,
1995; Salt Lake City, UT, 1995),
reported similar symptoms in the
various mines where they worked.

At the 1998 public hearings on
MSHA'’s proposed dpm rule for coal
mines, one miner, with work experience
in a coal mine utilizing diesel haulage
equipment at the face, testified that

* * * unlike many, I have not experienced
the headaches, the watering of the eyes, the
cold-like symptoms and walking around in
this cloud of smoke. Maybe it’s because of
the maintenance programs. Maybe it’s
because of complying with ventilation. * * *
after 25 years, I have not shown any effects.
[SLC, 1998].

Other miners working at dieselized
coal mines testified at those hearings
that they had personally experienced
eye irritation and/or respiratory
ailments immediately after exposure to
diesel exhaust, and they attributed these
ailments to their exposure. For example,
one miner attributed a case of
pneumonia to a specific episode of
unusually high exposure. (Birm., 1998)
The safety and training manager of the
mining company involved noted that
“there had been a problem recognized
in review with that exhaust system on
that particular piece of equipment” and
that the pneumonia may have
developed due to “idiosyncracy of his
lungs that respond to any type of a
respiratory irritant.” The manager
suggested that this incident should not
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be generalized to other situations but
provided no evidence that the miner’s
lungs were unusually susceptible to
irritation.®

Another miner, who had worked at
the same underground mine before and
after diesel haulage equipment was
introduced, indicated that he and his
co-workers began experiencing acute
symptoms after the diesel equipment
was introduced. This miner suggested
that these effects were linked to
exposure, and referring to a co-worker
stated:

* * * had respiratory problems, after
* * * diesel equipment was brought into
that mine—he can take off for two weeks
vacation, come back—after that two weeks,
he felt pretty good, his respiratory problems
would straighten up, but at the very instant
that he gets back in the face of diesel-
powered equipment, it starts up again, his
respiratory problems will flare up again,
coughing, sore throat, numerous problems in
his chest. (Birm., 1998).

Several other underground miners
asserted there was a correlation between
diesel exposure levels and the frequency
and/or intensity of respiratory
symptoms, eye irritations, and chest
ailments. One miner, for example,
stated:

I've experienced [these symptoms] myself.
* * * other miners experience the same kind
of distresses * * * Some of the stresses you
actually can feel—you don’t need a gauge to
measure this—your burning eyes, nose,
throat, your chest irritation. The more you’re
exposed to, the higher this goes. This
includes headaches and nausea and some
lasting congestion, depending on how long
you’'ve been exposed per shift or per week.

The men I represent have experienced
more cold-like symptoms, especially over the
past, I would say, eight to ten years, when
diesel has really peaked and we no longer
really use much of anything else. [SLC,
1998].

Kahn et al. (1988) conducted a study
of the prevalence and seriousness of
such complaints, based on United Mine
Workers of America records and
subsequent interviews with the miners
involved. The review involved reports
at five underground coal mines in Utah
and Colorado between 1974 and 1985.
Of the 13 miners reporting symptoms:
12 reported mucous membrane
irritation, headache and light-headiness;
eight reported nausea; four reported
heartburn; three reported vomiting and
weakness, numbness, and tingling in
extremities; two reported chest
tightness; and two reported wheezing
(although one of these complained of

19MSHA realizes the incidents related in this
subsection are anecdotal and draws no statistical
conclusions from them. Since they pertain to
specific experiences, however, they can be useful in
identifying a potential hazard.

recurrent wheezing without exposure).
All of these incidents were severe
enough to result in lost work time due
to the symptoms (which subsided
within 24 to 48 hours).

In comments submitted for this
rulemaking, the NMA pointed out, as
has MSHA, that the evidence presented
in this subsection is anecdotal. The
NMA, further, suggested that the cited
article by Kahn et al. typified this kind
of evidence in that it was “totally
devoid of any correlation to actual
exposure levels.” A lack of concurrent
exposure measurements is,
unfortunately, not restricted to
anecdotal evidence; and MSHA must
base its evaluation on the available
evidence. MSHA recognizes the
scientific limitations of anecdotal
evidence and has, therefore, compiled
and considered it separately from more
formal evidence. MSHA nevertheless
considers such evidence potentially
valuable for identifying acute health
hazards, with the understanding that
confirmation requires more rigorous
investigation.20

With respect to the same article (Kahn
et al., 1988), and notwithstanding the
NMA’s claim that the article was totally
devoid of any correlation to exposure
levels, the NMA also stated that MSHA:

* * * neglects to include in the preamble
the article’s description of the conditions
under which the “overexposures” occurred,
e.g., “‘poor engine maintenance, poor
maintenance of emission controls, prolonged
idling of machinery, engines pulling heavy
loads, use of equipment during times when
ventilation was disrupted (such as during a
move of longwall machinery), use of several
pieces of equipment exhausting into the
fresh-air intake, and use of poor quality fuel.

The NMA asserted that these
conditions, cited in the article, “have
been addressed by MSHA'’s final
standards for diesel equipment in
underground coal mines issued October
25, 1996.” 21 Furthermore, despite its
reservations about anecdotal evidence:

NMA is mindful of the testimony of several
miners in the coal proceeding who
complained of transient irritation owing to
exposure to diesel exhaust * * * the
October 1996 regulations together with the
phased-in introduction of catalytic converters
on all outby equipment and the introduction
of such devices on permissible equipment
when such technology becomes available

20 MSHA sees potential value in anecdotal
evidence when it relates to immediate experiences.
MSHA regards anecdotal evidence to be less
appropriate for identifying chronic health effects,
since chronic effects cannot readily be linked to
specific experiences. Accordingly, this risk
assessment places little weight on anecdotal
evidence for the chronic health hazards considered.

21 The 1996 regulations to which the NMA was
referring do not apply to M/NM mines.

will address the complaints raised by the
miners.

The NMA provided no evidence,
however, that elimination of the
conditions described by Kahn et al., or
implementation of the 1996 diesel
regulations for coal mines, would
reduce dpm levels sufficiently to
prevent the sensory irritations and
respiratory symptoms described. Nor
did the NMA provide evidence that
these are the only conditions under
which complaints of sensory irritations
and respiratory symptoms occur, or
explain why eliminating them would
reduce the need to prevent excessive
exposure under other conditions.

In the proposal for the present rule,
MSHA requested additional information
about such effects from medical
personnel who have treated miners. IMC
Global submitted letters from four
healthcare practitioners in Carlsbad,
NM, including three physicians. None
of these practitioners attributed any
cases of respiratory problems or other
acute symptoms to dpm exposure. Three
of the four practitioners noted that they
had observed respiratory symptoms
among exposed miners but attributed
these symptoms to chronic lung
conditions, smoking, or other factors.
One physician stated that “[IMC
Global], which has used diesel
equipment in its mining operations for
over 20 years, has never experienced a
single case of injury or illness caused by
exposures to diesel particulates.”

ii. Studies Based on Exposures to
Diesel Emissions. Several experimental
and statistical studies have been
conducted to investigate acute effects of
exposure to diesel emissions. These
more formal studies provide data that
are more scientifically rigorous than the
anecdotal evidence presented in the
preceding subsection. Unless otherwise
indicated, diesel exhaust exposures
were determined qualitatively.

In a clinical study (Battigelli, 1965),
volunteers were exposed to three
concentrations of diluted diesel exhaust
and then evaluated to determine the
effects of exposure on pulmonary
resistance and the degree of eye
irritation. The investigators stated that
“levels utilized for these controlled
exposures are comparable to realistic
values such as those found in railroad
shops.” No statistically significant
change in pulmonary function was
detected, but exposure for ten minutes
to diesel exhaust diluted to the middle
level produced “intolerable” irritation
in some subjects while the average
irritation score was midway between
“some” irritation and a “conspicuous
but tolerable” irritation level. Diluting
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the concentration by 50% substantially
reduced the irritation. At the highest
exposure level, more than 50 percent of
the volunteers discontinued the
experiment before 10 minutes because
of “intolerable” eye irritation.

A study of underground iron ore
miners exposed to diesel emissions
found no difference in spirometry
measurements taken before and after a
work shift (Jorgensen and Svensson
1970). Similarly, another study of coal
miners exposed to diesel emissions
detected no statistically significant
relationship between exposure and
changes in pulmonary function (Ames
et al. 1982). However, the authors noted
that the lack of a statistically significant
result might be due to the low
concentrations of diesel emissions
involved.

Gamble et al. (1978) observed
decreases in pulmonary function over a
single shift in salt miners exposed to
diesel emissions. Pulmonary function
appeared to deteriorate in relation to the
concentration of diesel exhaust, as
indicated by NOy; but this effect was
confounded by the presence of NO, due
to the use of explosives.

Gamble et al. (1987a) assessed
response to diesel exposure among 232
bus garage workers by means of a
questionnaire and before- and after-shift
spirometry. No significant relationship
was detected between diesel exposure
and change in pulmonary function.
However, after adjusting for age and
smoking status, a significantly elevated
prevalence of reported symptoms was
found in the high-exposure group. The
strongest associations with exposure
were found for eye irritation, labored
breathing, chest tightness, and wheeze.
The questionnaire was also used to
compare various acute symptoms
reported by the garage workers and a
similar population of workers at a lead
acid battery plant who were not exposed
to diesel fumes. The prevalence of work-
related eye irritations, headaches,
difficult or labored breathing, nausea,
and wheeze was significantly higher in
the diesel bus garage workers, but the
prevalence of work-related sneezing was
significantly lower.

Ulfvarson et al. (1987) studied effects
over a single shift on 47 stevedores
exposed to dpm at particle
concentrations ranging from 130 ug/m3
to 1000 ug/m 3. Diesel particulate
concentrations were determined by
collecting particles on glass fiber filters
of unspecified efficiency. A statistically
significant loss of pulmonary function
was observed, with recovery after 3 days
of no occupational exposure.

To investigate whether removal of the
particles from diesel exhaust might

reduce the “acute irritative effect on the
lungs” observed in their earlier study,
Ulfvarson and Alexandersson (1990)
compared pulmonary effects in a group
of 24 stevedores exposed to unfiltered
diesel exhaust to a group of 18
stevedores exposed to filtered exhaust,
and to a control group of 17
occupationally unexposed workers. The
filters used were specially constructed
from 144 layers of glass fiber with
“99.97% degrees of retention of
dioctylphthalate mist with particle size
0.3 um.” Workers in all three groups
were nonsmokers and had normal
spirometry values, adjusted for sex, age,
and height, prior to the experimental
workshift.

In addition to confirming the earlier
observation of significantly reduced
pulmonary function after a single shift
of occupational exposure, the study
found that the stevedores in the group
exposed only to filtered exhaust had 50—
60% less of a decline in forced vital
capacity (FVC) than did those
stevedores who worked with unfiltered
equipment. Similar results were
observed for a subgroup of six
stevedores who were exposed to filtered
exhaust on one shift and unfiltered
exhaust on another. No loss of
pulmonary function was observed for
the unexposed control group. The
authors suggested that these results
“support the idea that the irritative
effect of diesel exhausts [sic] to the
lungs is the result of an interaction
between particles and gaseous
components and not of the gaseous
components alone.” They concluded
that “* * * it should be a useful
practice to filter off particles from diesel
exhausts in work places even if
potentially irritant gases remain in the
emissions” and that “removal of the
particulate fraction by filtering is an
important factor in reducing the adverse
effect of diesel exhaust on pulmonary
function.”

Rudell et al. (1996) carried out a series
of double-blind experiments on 12
healthy, non-smoking subjects to
investigate whether a particle trap on
the tailpipe of an idling diesel engine
would reduce acute effects of diesel
exhaust, compared with exposure to
unfiltered exhaust. Symptoms
associated with exposure included
headache, dizziness, nausea, tiredness,
tightness of chest, coughing, and
difficulty in breathing. The most
prominent symptoms were found to be
irritation of the eyes and nose, and a
sensation of unpleasant smell. Among
the various pulmonary function tests
performed, exposure was found to result
in significant changes only as measured
by increased airway resistance and

specific airway resistance. The ceramic
wall flow particle trap reduced the
number of particles by 46 percent, but
resulted in no significant attenuation of
symptoms or lung function effects. The
authors concluded that diluted diesel
exhaust caused increased irritant
symptoms of the eyes and nose,
unpleasant smell, and
bronchoconstriction, but that the 46-
percent reduction in median particle
number concentration observed was not
sufficient to protect against these effects
in the populations studied.

Wade and Newman (1993)
documented three cases in which
railroad workers developed persistent
asthma following exposure to diesel
emissions while riding immediately
behind the lead engines of trains having
no caboose. None of these workers were
smokers or had any prior history of
asthma or other respiratory disease.
Asthma diagnosis was based on
symptoms, pulmonary function tests,
and measurement of airway
hyperreactivity to methacholine or
exercise.

Although MSHA is not aware of any
other published report directly relating
diesel emissions exposures to the
development of asthma, there have been
a number of recent studies indicating
that dpm exposure can induce bronchial
inflammation and respiratory
immunological allergic responses in
humans. Studies published through
1997 are reviewed in Peterson and
Saxon (1996) and Diaz-Sanchez (1997).

Diaz-Sanchez et al.(1994) challenged
healthy human volunteers by spraying
300 ug dpm into their nostrils.22
Immunoglobulin E (IgE) binds to mast
cells where it binds antigen leading to
secretion of biologically active amines
(e.g., histamine) causing dilation and
increased permeability of blood vessels.
These amines are largely responsible for
clinical manifestations of such allergic
reactions as hay fever, asthma, and
hives. Enhanced IgE levels were found
in nasal washes in as little as 24 hours,
with peak production observed 4 days
after the dpm was administered.23 No
effect was observed on the levels of
other immunoglobulin proteins. The
selective enhancement of local IgE
production was demonstrated by a
dramatic increase in IgE-secreting cells.
The authors suggested that dpm may
augment human allergic disease

22 Assuming that a working miner inhales
approximately 1.25 m3 of air per hour, this dose
corresponds to a 1-hour exposure at a dpm
concentration of 240 ug/ms3.

23]gE is one of five types of immunoglobulin,
which are proteins produced in response to
allergens. Cytokine (mentioned later) is a substance
involved in regulating IgE production.
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responses by enhancing the production
of IgE antibodies. Building on these
results, Diaz-Sanchez et al.(1996)
measured cytokine production in nasal
lavage cells from healthy human
volunteers challenged with 150 ug dpm
sprayed into each nostril. Based on the
responses observed, including a broad
increase in cytokine production, along
with the results of the 1994 paper, the
authors concluded that dpm exposure
contributes to enhanced local IgE
production and thus plays a role in
allergic airway disease.

Salvi et al. (1999) exposed healthy
human volunteers to diluted diesel
exhaust at a dpm concentration of 300
pg/m3 for one hour with intermittent
exercise. Although there were no
changes in pulmonary function, there
were significant increases in various
markers of allergic response in airway
lavage fluid. Bronchial biopsies
obtained six hours after exposure also
showed significant increases in markers
of immunologic response in the
bronchial tissue. Significant increases in
other markers of immunologic response
were also observed in peripheral blood
following exposure. A marked cellular
inflammatory response in the airways
was reported. The authors concluded
that ““at high ambient concentrations,
acute short-term DE [diesel exhaust]
exposure produces a well-defined and
marked systemic and pulmonary
inflammatory response in healthy
human volunteers, which is
underestimated by standard lung
function measurements.”

iii. Studies Based on Exposures to
Particulate Matter in Ambient Air. Due
to an incident in Belgium’s industrial
Meuse Valley, it was known as early as
the 1930s that large increases in
particulate air pollution, created by

winter weather inversions, could be
associated with large simultaneous
increases in mortality and morbidity.
More than 60 persons died from this
incident, and several hundred suffered
respiratory problems. The mortality rate
during the episode was more than ten
times higher than normal, and it was
estimated that over 3,000 sudden deaths
would occur if a similar incident
occurred in London. Although no
measurements of pollutants in the
ambient air during the episode are
available, high PM levels were
obviously present (EPA, 1996).

A significant elevation in particulate
matter (along with SO, and its oxidation
products) was measured during a 1948
incident in Donora, PA. Of the Donora
population, 42.7 percent experienced
some acute adverse health effect, mainly
due to irritation of the respiratory tract.
Twelve percent of the population
reported difficulty in breathing, with a
steep rise in frequency as age progressed
to 55 years (Schrenk, 1949).

Approximately as projected by Firket
(1931), an estimated 4,000 deaths
occurred in response to a 1952 episode
of extreme air pollution in London. The
nature of these deaths is unknown, but
there is clear evidence that bronchial
irritation, dyspnea, bronchospasm, and,
in some cases, cyanosis occurred with
unusual prevalence (Martin, 1964).

These three episodes ““left little doubt
about causality in regard to the
induction of serious health effects by
very high concentrations of particle-
laden air pollutant mixtures” and
stimulated additional research to
characterize exposure-response
relationships (EPA, 1996). Based on
several analyses of the 1952 London
data, along with several additional acute
exposure mortality analyses of London

data covering later time periods, the
U.S. Environmental Protection Agency
(EPA) concluded that increased risk of
mortality is associated with exposure to
combined particulate and SO- levels in
the range of 500-1000 pg/m 3. The EPA
also concluded that relatively small, but
statistically significant increases in
mortality risk exist at particulate (but
not SO,) levels below 500 ug/m3, with
no indications of a specific threshold
level yet indicated at lower
concentrations (EPA, 1986).

Subsequently, between 1986 and
1996, increasingly sophisticated
techniques of particulate measurement
and statistical analysis have enabled
investigators to address these questions
more quantitatively. The studies on
acute effects carried out since 1986 are
reviewed in the 1996 EPA Air Quality
Criteria for Particulate Matter, which
forms the basis for the discussion below
(EPA, 1996).

At least 21 studies have been
conducted that evaluate associations
between acute mortality and morbidity
effects and various measures of fine
particulate levels in the ambient air.
These studies are identified in Tables
III-2 and II-3. Table III-2 lists 11
studies that measured primarily fine
particulate matter using filter-based
optical techniques and, therefore,
provide mainly qualitative support for
associating observed effects with fine
particles. Table III-3 lists quantitative
results from 10 studies that reported
gravimetric measurements of either the
fine particulate fraction or of
components, such as sulfates, that serve
as indicators or surrogates of fine
particulate exposures.

BILLING CODE 4510-43-P
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Table lll-2. —Studies of acute health effects using filter based optical indicators

of fine particles in the ambient air.

City Study Years Indicator* Reference!

Acute Mortality

1963-1972 (winters) Thurston et al., 1989
London BS
1965-1972 (winters) Ito et al., 1993
1975-1987 Katsouyanni et al., 1990
Athens July, 1987 BS Katsouyanni et al., 1993
1984-1988 Touloumi et al., 1994
1970-1979 Shumway et al., 1988
Los Angeles KM
1970-1979 Kinney and Ozkaynak, 1991
Santa Clara 1980-1986 (winters) COH Fairley, 1990

Increased Hospitalization

Barcelona 1985-1989 BS Sunyer et al., 1993

Acute Change in Pulmonary Function

Wageningen,

BS Hoek and Brunkreef, 1993
Netherlands
Netherlands BS Roemer et al., 1993

T All references are from EPA, 1996

*BS (black smoke), KM (carbonaceous material), and COH (coefficient of haze) are optical measurements that are most directly
related to elemental carbon concentrations, but only indirectly to mass. Site specific calibrations and/or comparisons of such
optical measurements with gravimetric mass measurements in the same time and city are needed to make inferences about
pénicle mass. However, all three of these indicators preferentially measure carbon particles found in the fine fraction of total

airborne particulate matter. (EPA, 1996).



5772

Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations

BILLING CODE 4510-43-C

Table llI-3. —Studies of acute health effects using gravimetric indicators of fine

particles in the ambient air.

RR per 25 ug/m® PM,;

Mean PM_; Levels

Study Indicator Increase
(Min/Max)!

(95% Confidence Interval)

Acute Mortality
Six Cities* (overall) PM,; 1.038 (1.026, 1.055)

Portage, W! PM,5 1.030 (0.993, 1.071) 11.2 (27.8)
Topeka, KS PM, 1.020 (0.951, 1.092) 122 (27.4)
Boston, MA PM, 1,056 (1.038, 1.071) 157 (29.2)
St. Louis, MO PM,5 1.028 (1.010, 1.043) 18.7 (+10.5)
Kingston/Knoxville, TN PM,.¢ 1.035 (1.005, 1.066) 20.8 (£9.6)
Steubenville, OH PM,¢ 1.025 (0.998, 1.053) 29.6 (x21.9)

Increased Hospitalization

Ontario, CAN® SO; 1.03 (1.02, 1.04) Min/Max = 3.1 - 8.2
SO; 1.03 (1.02, 1.04)
Ontario, CAN® Min/Max = 2.0 - 7.7
O, 1.03 (1.02, 1.05)
NYC/Buffalo, NY°? SO; 1.05 (1.01,1.10) NR
H*(Nmol/m?) 1.16 (1.03, 1.30)* 28.8 (NR, 391)
Toronto, CAN® SO; 1.12 (1.0Q, 1.24) 7.6 (NR, 48.7)
PM, 5 1.15 (1.02, 1.78) 18.6 (NR, 66.0)
Increased Respiratory Symptoms
Southern California” SO; 1.48 (1.14, 1.91) R=2-37
PM,, 1.19 (1.01, 1.42)"* 18.0 (7.2,37)""
Six Cities®
PM, Sulfur 1.23 (0.95, 1.59)** 25 (3.1,61)"
(Cough)
H* 1.06 (0.87, 1.29)*" 18.1 (0.8, 5.9)**"
PM, 1.44 (1.15 - 1.82)** 18.0 (7.2, 37)***
Six Cities®
PM, ¢ Sulfur 1.82 (1.28 - 2.59)" 25 (0.8 5.9
(Lower Resp. Symp.)
H* 1.05 (0.25 - 1.30)** 18.1 (3.1, 61)***
PM, 5 0.0012 (0.0043)"*** 0.41-73
Denver, COP
SO; 0.0042 (0.00035)**** 0.12-12
(Cough, adult asthmatics)
H* 0.0076 (0.0038)**** 20- 41

Decreased Lung Function

25/88 (NR/88)

Uniontown, PAE PM, . PEFR 23.1 (-0.3,36.9) (per 25 ng/m°)
Seattle, WA® be, calibrated by FEV142ml (12,73)
5/45
(Asthmatics) PM, . FVC 45ml (20,70)
References from EPA, 1996, Staff Report

A Schwartz et al. (1996a)
" 2 Burnett et al. (1994)
© Bumnett et al. (1995) O,
° Thurston et al. (1992, 1994)
£ Neas et al. (1995)
F Ostro et al. (1993)
¢ Schwartz et al. (1994)
P Ostro et al. (1991)

@ Koenig et al. (1993)

1 Min/Max 24-hr PM indicator level shown in parentheses unless otherwise noted as (+S.D.), 10 and 90 percentile (10,90).

* Change per 100 nmoles/m?®.

** Change per 20 ug/m® for PM,; per 5 ug/m® for PM,  sulfur; per 25 nmoles/m? for H*.

*** 50th percentile value (10,90 percentile).

**** Coefficient and SE in parenthesis.
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A total of 38 studies examining
relationships between short-term
particulate levels and increased
mortality, including nine with fine
particulate measurements, were
published between 1988 and 1996 (EPA,
1996). Most of these found statistically
significant positive associations. Daily
or several-day elevations of particulate
concentrations, at average levels as low
as 18-58 W/m 3, were associated with
increased mortality, with stronger
relationships observed in those with
preexisting respiratory and
cardiovascular disease. Overall, these
studies suggest that an increase of 50 g/
m 3 in the 24-hour average of PM, is
associated with a 2.5 to 5-percent
increase in the risk of mortality in the
general population, excluding accidents,
suicides, and homicides. Based on
Schwartz et al. (1996), the relative risk
(RR) of mortality in the general
population increases by about 2.6 to 5.5
percent per 25 pug/m 3 of fine particulate
(PM>5) (EPA, 1996). More specifically,
Schwartz et al. (1996) reported
significantly elevated risks of mortality
due to pneumonia, chronic obstructive
pulmonary disease (COPD), and
ischemic heart disease (IHD). For these
three causes of death, the estimated
increases in risk per incremental
increase of 10 pg/m3 in the
concentration of PM, s were 4.0 percent,
3.3 percent, and 2.1 percent,
respectively. Each of these three results
was statistically significant at a 95-
percent confidence level.

A total of 22 studies were published
on associations between short-term
particulate levels and hospital
admissions, outpatient visits, and
emergency room visits for respiratory
disease, Chronic Obstructive Pulmonary
Disease (COPD), pneumonia, and heart
disease (EPA, 1996). Fifteen of these
studies were focused on the elderly. Of
the seven that dealt with all ages (or in
one case, persons less than 65 years
old), all showed positive results. All of
the five studies relating fine particulate
measurements to increased
hospitalization, listed in Tables III-2
and I1I-3, dealt with general age
populations and showed statistically
significant associations. The estimated
increase in risk ranges from 3 to 16
percent per 25 pug/m3 of fine particulate.
Overall, these studies are indicative of
acute morbidity effects being related to
fine particulate matter and support the
mortality findings.

Most of the 14 published quantitative
studies on ambient particulate
exposures and acute respiratory diseases
were restricted to children (EPA, 1996,
Table 12-12). Although they generally
showed positive associations, and may

be of considerable biological relevance,
evidence of toxicity in children is not
necessarily applicable to adults. The
few studies on adults have not produced
statistically significant evidence of a
relationship.

Thirteen studies since 1982 have
investigated associations between
ambient particulate levels and loss of
pulmonary function (EPA, 1996, Table
12-13). In general, these studies suggest
a short term effect, especially in
symptomatic groups such as asthmatics,
but most were carried out on children
only. In a study of adults with mild
COPD, Pope and Kanner (1993) found a
29+10 ml decrease in 1-second Forced
Expiratory Volume (FEV,) per 50 ug/ms3
increase in PM;o, which is similar in
magnitude to the change generally
observed in the studies on children. In
another study of adults, with PM;,
ranging from 4 to 137 ug/m3, Dusseldorp
et al. (1995) found 45 and 77 ml/sec
decreases, respectively, for evening and
morning Peak Expiratory Flow Rate
(PEFR) per 50 pug/m3 increase in PM;o
(EPA, 1996). In the only study carried
out on adults that specifically measured
fine particulate (PM,s), Perry et al.
(1983) did not detect any association of
exposure with loss of pulmonary
function. This study, however, was
conducted on only 24 adults (all
asthmatics) exposed at relatively low
concentrations of PM, 5 and,therefore,
had very little power to detect any such
association.

c. Chronic Health Effects

During the 1995 dpm workshops,
miners reported observable adverse
health effects among those who have
worked a long time in dieselized mines.
For example, a miner (dpm Workshop;
Salt Lake City, UT, 1995), stated that
miners who work with diesel “have spit
up black stuff every night, big black—
what they call black (expletive) * * *
[they] have the congestion every night
* * * the 60-year-old man working
there 40 years.” Similarly, in comments
submitted in response to MSHA'’s
proposed dpm regulations, several
miners reported cancers and chronic
respiratory ailments they attributed to
dpm exposure.

Scientific investigation of the chronic
health effects of dpm exposure includes
studies based specifically on exposures
to diesel emissions and studies based
more generally on exposures to fine
particulate matter in the ambient air.
Only the evidence from human studies
will be addressed in this section of the
risk assessment. Data from genotoxicity
studies and studies on laboratory
animals will be discussed later, in
Subsection 2.d on mechanisms of

toxicity. Subsection 3.a(iii) contains
MSHA'’s interpretation of the evidence
relating dpm exposures to one chronic
health hazard: lung cancer.

i. Studies Based on Exposures to
Diesel Emissions. The discussion will
(1) summarize the epidemiologic
literature on chronic effects other than
cancer, and then (2) concentrate on the
epidemiology of cancer in workers
exposed to dpm.

(1) Chronic Effects other than Cancer

A number of epidemiologic studies
have investigated relationships between
diesel exposure and the risk of
developing persistent respiratory
symptoms (i.e., chronic cough, chronic
phlegm, and breathlessness) or
measurable loss in lung function. Three
studies involved coal miners (Reger et
al., 1982; Ames et al., 1984; Jacobsen et
al., 1988); four studies involved metal
and nonmetal miners (Jorgenson &
Svensson, 1970; Attfield, 1979; Attfield
et al., 1982; Gamble et al., 1983). Three
studies involved other groups of
workers—railroad workers (Battigelli et
al., 1964), bus garage workers (Gamble
et al., 1987), and stevedores (Purdham et
al., 1987).

Reger et al. (1982) examined the
prevalence of respiratory symptoms and
the level of pulmonary function among
more than 1,600 underground and
surface U.S. coal miners, comparing
results for workers (matched for
smoking status, age, height, and years
worked underground) at diesel and non-
diesel mines. Those working at
underground dieselized mines showed
some increased respiratory symptoms
and reduced lung function, but a similar
pattern was found in surface miners
who presumably would have
experienced less diesel exposure.
Miners in the dieselized mines,
however, had worked underground for
less than 5 years on average.

In a study of 1,118 U.S. coal miners,
Ames et al. (1984) did not detect any
pattern of chronic respiratory effects
associated with exposure to diesel
emissions. The analysis, however, took
no account of baseline differences in
lung function or symptom prevalence,
and the authors noted a low level of
exposure to diesel-exhaust
contaminants in the exposed
population.

In a cohort of 19,901 British coal
miners investigated over a 5-year
period, Jacobsen et al. (1988) found
increased work absence due to self-
reported chest illness in underground
workers exposed to diesel exhaust, as
compared to surface workers, but found
no correlation with their estimated level
of exposure.
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Jérgenson & Svensson (1970) found
higher rates of chronic productive
bronchitis, for both smokers and
nonsmokers, among Swedish
underground iron ore miners exposed to
diesel exhaust as compared to surface
workers at the same mine. No
significant difference was found in
spirometry results.

Using questionnaires collected from
4,924 miners at 21 U.S. metal and
nonmetal mines, Attfield (1979)
evaluated the effects of exposure to
silica dust and diesel exhaust and
obtained inconclusive results with
respect to diesel exposure. For both
smokers and non-smokers, miners
occupationally exposed to diesel for five
or more years showed an elevated
prevalence of persistent cough,
persistent phlegm, and shortness of
breath, as compared to miners exposed
for less than five years, but the
differences were not statistically
significant. Four quantitative indicators
of diesel use failed to show consistent
trends with symptoms and lung
function.

Attfield et al. (1982) reported on a
medical surveillance study of 630 white
male miners at 6 U.S. potash mines. No
relationships were found between
measures of diesel use or exposure and
various health indices, based on self-
reported respiratory symptoms, chest
radiographs, and spirometry.

In a study of U.S. salt miners, Gamble
and Jones (1983) observed some
elevation in cough, phlegm, and
dyspnea associated with mines ranked
according to level of diesel exhaust
exposure. No association between
respiratory symptoms and estimated
cumulative diesel exposure was found
after adjusting for differences among
mines. However, since the mines varied
widely with respect to diesel exposure
levels, this adjustment may have
masked a relationship.

Battigelli et al. (1964) compared
pulmonary function and complaints of
respiratory symptoms in 210 U.S.
railroad repair shop employees, exposed
to diesel for an average of 10 years, to
a control group of 154 unexposed
railroad workers. Respiratory symptoms
were less prevalent in the exposed
group, and there was no difference in
pulmonary function; but no adjustment
was made for differences in smoking
habits.

In a study of workers at four diesel
bus garages in two U.S. cities, Gamble
et al. (1987b) investigated relationships
between job tenure (as a surrogate for
cumulative exposure) and respiratory
symptoms, chest radiographs, and
pulmonary function. The study
population was also compared to an

unexposed control group of workers
with similar socioeconomic background.
After indirect adjustment for age, race,
and smoking, the exposed workers
showed an increased prevalence of
cough, phlegm, and wheezing, but no
association was found with job tenure.
Age- and height-adjusted pulmonary
function was found to decline with
duration of exposure, but was elevated
on average, as compared to the control
group. The number of positive
radiographs was too small to support
any conclusions. The authors concluded
that the exposed workers may have
experienced some chronic respiratory
effects.

Purdham et al. (1987) compared
baseline pulmonary function and
respiratory symptoms in 17 exposed
Canadian stevedores to a control group
of 11 port office workers. After
adjustment for smoking, there was no
statistically significant difference in
self-reported respiratory symptoms
between the two groups. However, after
adjustment for smoking, age, and height,
exposed workers showed lower baseline
pulmonary function, consistent with an
obstructive ventilatory defect, as
compared to both the control group and
the general metropolitan population.

In a review of these studies, Cohen
and Higgins (1995) concluded that they
did not provide strong or consistent
evidence for chronic, nonmalignant
respiratory effects associated with
occupational exposure to diesel exhaust.
These reviewers stated, however, that
“several studies are suggestive of such
effects * * * particularly when viewed
in the context of possible biases in study
design and analysis.” Glenn et al (1983)
noted that the studies of chronic
respiratory effects carried out by NIOSH
researchers in coal, salt, potash, and
trona mines all “revealed an excess of
cough and phlegm in the diesel exposed
group.” IPCS (1996) noted that
“[a]lthough excess respiratory
symptoms and reduced pulmonary
function have been reported in some
studies, it is not clear whether these are
long-term effects of exposure.”
Similarly, Morgan et al. (1997)
concluded that while there is “some
evidence that the chronic inhalation of
diesel fumes leads to the development
of cough and sputum, that is chronic
bronchitis, it is usually impossible to
show a cause and effect relationship
* * * MSHA agrees that these dpm
studies considers them to be suggestive
of adverse chronic, non-cancerous
respiratory effects.

(2) Cancer

Because diesel exhaust has long been
known to contain carcinogenic

compounds (e.g., benzene in the gaseous
fraction and benzopyrene and
nitropyrene in the dpm fraction), a great
deal of research has been conducted to
determine if occupational exposure to
diesel exhaust actually results in an
increased risk of cancer. Evidence that
exposure to dpm increases the risk of
developing cancer comes from three
kinds of studies: human studies,
genotoxicity studies, and animal
studies. In this risk assessment, MSHA
has placed the most weight on evidence
from the human epidemiologic studies
and views the genotoxicity and animal
studies as lending support to the
epidemiologic evidence.

In the epidemiologic studies, it is
generally impossible to disassociate
exposure to dpm from exposure to the
gasses and vapors that form the
remainder of whole diesel exhaust.
However, the animal evidence shows no
significant increase in the risk of lung
cancer from exposure to the gaseous
fraction alone (Heinrich et al., 1986,
1995; Iwai et al., 1986; Brightwell et al.,
1986). Therefore, dpm, rather than the
gaseous fraction of diesel exhaust, is
usually assumed to be the agent
associated with any excess prevalence
of lung cancer observed in the
epidemiologic studies. Subsection 2.d of
this risk assessment contains a summary
of evidence supporting this assumption.

(a) Lung Cancer

MSHA evaluated 47 epidemiologic
studies examining the prevalence of
lung cancer within groups of workers
occupationally exposed to dpm. This
includes four studies not included in
MSHA'’s risk assessment as originally
proposed.2# The earliest of these studies
was published in 1957 and the latest in
1999. The most recent published
reviews of these studies are by
Mauderly (1992), Cohen and Higgins
(1995), Muscat and Wynder (1995), IPCS
(1996), Stober and Abel (1996), Cox
(1997), Morgan et al. (1997), Cal-EPA
(1998), ACGIH (1998), and U.S. EPA
(1999). In response to both the ANPRM
and the 1998 proposals, several
commenters also provided MSHA with
their own reviews of many of these
studies. In arriving at its conclusions,
MSHA considered all of these reviews,

24 One of these studies (Christie et al., 1995) was
cited in the discussion on mechanisms of toxicity
but not considered in connection with studies
involving dpm exposures. Several commenters
advocated that it be considered. The other three
were published in 1997 or later. Johnston et al.
(1997) was introduced to these proceedings in
64FR7144. Saverin et al. (1999) is the published
English version of a German study submitted as part
of the public comments by NIOSH on May 27, 1999.
The remaining study is Briiske-Hohlfeld et al.
(1999).
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including those of the commenters, as
well as the 47 source studies available
to MSHA.

In addition, MSHA relied on two
comprehensive statistical “meta-
analyses” 25 of the epidemiologic
literature: Lipsett and Campleman
(1999)26 and Bhatia et al. (1998).27
These meta-analyses, which weight,
combine, and analyze data from the
various epidemiologic studies, were
themselves the subject of considerable
public comment and are discussed
primarily in Subsection 3.a.iii of this
risk assessment. The present section
tabulates results of the studies and
addresses their individual strengths and
weaknesses. Interpretation and
evaluation of the collective evidence,
including discussion of potential
publication bias or any other systematic
biases, is deferred to Subsection 3.a.iii.

Tables III-4 (27 cohort studies) and
III-5 (20 case-control studies) identify
all 47 known epidemiologic studies that
MSHA considers relevant to an
assessment of lung cancer risk
associated with dpm exposure.28 These
tables include, for each of the 47 studies
listed, a brief description of the study
and its findings, the method of exposure
assessment, and comments on potential
biases or other limitations. Presence or
absence of an adjustment for smoking
habits is highlighted, and adjustments

for other potentially confounding factors
are indicated when applicable.
Although MSHA constructed these
tables based primarily on its own
reading of the 48 source publications,
the tables also incorporate strengths and
weaknesses noted in the literature
reviews and/or in the public comments
submitted.

Some degree of association between
occupational dpm exposure and an
excess prevalence of lung cancer was
reported in 41 of the 47 studies
reviewed by MSHA: 22 of the 27 cohort
studies and 19 of the 20 case-control
studies. Despite some commenters’ use
of conflicting terminology, which will
be addressed below, MSHA refers to
these 41 studies as “positive.” The 22
positive cohort studies in Table III-4 are
identified as those reporting a relative
risk (RR) or standardized mortality ratio
(SMR) exceeding 1.0. The 19 positive
case-control studies in Table III-5 are
identified as those reporting an RR or
odds ratio (OR) exceeding 1.0. A study
does not need to be statistically
significant (at the 0.05 level) or meet all
criteria described, in order to be
considered a “positive” study. The six
remaining studies were entirely
negative: they reported a deficit in the
prevalence of lung cancer among
exposed workers, relative to whatever
population was used in the study as a

basis for comparison. These six negative
studies are identified as those reporting
no relative risk (RR), standard mortality
ratio (SMR), or odds ratio (OR) greater
than 1.0.29

MSHA recognizes that these 47
studies are not of equal importance for
determining whether dpm exposure
leads to an increased risk of lung cancer.
Some of the studies provide much better
evidence than others. Furthermore,
since no epidemiologic study can be
perfectly controlled, the studies exhibit
various strengths and weaknesses, as
described by both this risk assessment
and a number of commenters. Several
commenters, and some of the reviewers
cited above, focused on the weaknesses
and argued that none of the existing
studies is conclusive. MSHA, in
accordance with other reviewers and
commenters, maintains: (1) that the
weaknesses identified in both negative
and positive studies mainly cause
underestimation of risks associated with
high occupational dpm exposure; (2)
that it is legitimate to base conclusions
on the combined weight of all available
evidence and that, therefore, it is not
necessary for any individual study to be
conclusive; and (3) that even though the
41 positive studies vary a great deal in
strength, nearly all of them contribute
something to the weight of positive
evidence.

TABLE [ll-4.—SUMMARY OF INFORMATION FROM 27 COHORT STUDIES ON LUNG CANCER AND OCCUPATIONAL EXPOSURE

TO DIESEL EXHAUST

; Number of sub- | Follow-up Exposure Smk. g Stat.
Study Occupation jects period assessment adj. Findings sig.b Comments
Ahlberg et al. Male truck drivers | 35,883 ................ 1961-73 | Occupation only RR = 1.33 for (*) | Risk relative to males employed in
(1981). drivers of “‘ordi- trades thought to have no expo-
nary” trucks. sure to ‘“petroleum products or

25 MSHA restricts the term “meta-analysis” to
formal, statistical analyses of the pooled data taken
from several studies. Some commenters (and Cox in
the article itself) referred to the review by Cox
(op.cit.) as a meta-analysis. Although this article
seeks to identify characteristics of the individual
studies that might account for the general pattern
of results, it performs no statistical analysis on the
pooled epidemiologic data. For this reason, MSHA
does not regard the Cox article as a meta-analysis
in the same sense as the two studies so identified.
MSHA does, however, recognize that the Cox article
evaluates and rejects the collective evidence for
causality, based on the common characteristics
identified. In that context, Cox’s arguments and

conclusions are addressed in Subsection 3.a.iii. Cox
also presents a statistical analysis of data from one
of the studies, and that portion of the article is
considered here, along with his observations about
other individual studies.

26 MSHA's risk assessment as originally proposed
cited an unpublished version, attributed to Lipsett
and Alexexeff (1998), of essentially the same meta-
analysis. Both the 1999 and 1998 versions are now
in the public record.

27 Silverman (1998) reviewed the meta-analysis
by Bhatia et al. (op cit.) and discussed, in general
terms, the body of available epidemiologic evidence
on which it is based. Some commenters stated that
MSHA had not sufficiently considered Silverman’s

other chemicals.” Comparison
controlled for age and province
of residence (Sweden). Based on
comparison of smoking habits
between truck drivers and gen-
eral Stockholm population, au-
thors concluded that excess rate
of lung cancer could not be en-
tirely attributed to smoking.

views on the limitations of this evidence. MSHA
has thoroughly considered these views and
addresses them in Subsection 3.a.(iii).

28 For simplicity, the epidemiologic studies
considered here are placed into two broad
categories. A cohort study compares the health of
persons having different exposures, diets, etc. A
case-control study starts with two defined groups
known to differ in health and compares their
exposure characteristics.

29 The six entirely negative studies are: Kaplan
(1959); DeCoulfle et al. (1977); Waller (1981); Edling
et al. (1987); Bender et al. (1989); Christie et al.
(1995).
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TABLE |lI-4.—SUMMARY OF INFORMATION FROM 27 COHORT STUDIES ON LUNG CANCER AND OCCUPATIONAL EXPOSURE
TO DIESEL EXHAUST—Continued

Study Occupation Numt;g(r:g sub Fc;’Jlelaor\iAc’)c;Jp asggé):rl;;ent Sangjk Findings 2 g,t;tb Comments
Ahlman et al. Underground sul- | 597 ... 1968-86 | Job histories from RR = 1.45 over- Age-adjusted relative risk com-
(1991). fide ore miners. personnel all. RR=2.9 pared to males living in same
records. Meas- for 45-64 age area of Finland. No excess ob-
urements of group (cal- served among 338 surface work-
alpha energy culated by ers at same mines, with similar
concentration MSHA). smoking and alcohol consump-
from radon tion, based on questionnaire.
daughters at Based on calculation of expected
each mine lung cancers due to radon, ex-
worked. cess risk attributed by author
partly to radon exposure and
partly to diesel exhaust & silica
exposure.
Balarajan & Professional driv- | 3,392 ... 1950-84 | Occupation only SMR = 0.86 for (*) | Possibly higher rates of smoking
McDowall (1988). ers. taxi drivers.. among bus and truck drivers
SMR = 1.42 for than among taxi drivers.
bus drivers..
SMR = 1.59 for
truck drivers.
Bender et al. Highway mainte- | 4,849 ................. 1945-84 | Occupation only SMR = 0.69 No adjustment for healthy worker
(1989). nance workers. effect.
Boffetta et al. Railroad workers 1982-84 | Occupation and RR = 1.24 for Risk relative to reporting that they
(1988). Truck drivers ...... diesel exposure truck drivers. never worked in these four occu-
Heavy Eq. Op’s .. by question- RR = 1.59 for *) pations and were never occupa-
Miners .... naire. railroad work- ™) tionally exposed to diesel ex-
ers haust. Adjusted for age and
RR = 2.60 for smoking only.
heavy Eq. Op’s
RR = 2.67 for
miners
DO oo All workers .......... 476,648 .............. 1982-84 | Occupation and RR = 1.05 for 1— Based on self-reported exposure,
diesel exposure 15 years. RR = relative to unexposed workers.
by question- 1.21 for 16+ Adjusted for occupational expo-
naire. years. sures to asbestos, coal and
stone dusts, coal tar & pitch, and
gasoline exhaust (in addition to
age and smoking). Possible bi-
ases due to volunteered partici-
pation and elevated lung cancer
rate among 98,026 subjects with
unknown dpm exposure.
Christie et al. Coal miners ........ 23,630 .....ccoeenee 1973-92 | Occupation only SMR = 0.76 No adjustment for healthy worker
(1994, 1995). effect. Cohort includes workers
who entered workforce up
through 1992. SMR reported to
be greater than for occupationally
unexposed petroleum workers.
Dubrow & Truck & tractor Not reported ....... 1971-73 | Occupation only sMOR = 1.73 (*) | Excess cancers observed over the
Wegman (1984). drivers. based on 176 entire respiratory system and
deaths. upper alimentary tract.
Edling et al. (1987) | Bus workers ....... 694 ... 1951-83 | Occupation only SMR = 0.7 for Small size of cohort lacks statistical
overall cohort. power to detect excess risk of
lung cancer. No adjustment for
healthy worker effect.
Garshick et al. Railroad workers | 55,395 (1991 re- 1959-80 | Job in 1959 & RR = 1.31 for 1- (*) | Adjusted for attained age (1991 re-
(1988, 1991). port). years of diesel 4 years. port). Cumulative diesel expo-
exposure since RR = 1.28 for 5— ™) sure-years lagged by 5 years.
1959. 9 years. Subjects with likely asbestos ex-
RR = 1.19 for *) posure excluded from cohort.
10-14 years. . Statistically ~ significant  results
RR = 1.40 for 15 corroborated if 12,872
or more years. shopworkers and hostlers pos-
sibly exposed to asbestos are
also excluded. Missing 12% of
death  certificates.  Cigarette
smoking judged to be
uncorrelated with diesel exposure
within cohort. Higher RR for each
exposure group if shopworkers
and hostlers are excluded.
Guberan et al Professional driv- | 1,726 ................. 1961-86 | Occupation only SMR = 1.50 ........ (*) | Approximately 1/3 to 1/4 of cohort
(1992). ers. reported to be long-haul truck
drivers. SMR based on regional
lung cancer mortality rate.
Gustafsson et al. Dock workers ..... 6,071 . 1961-80 | Occupation only SMR = 1.32 (*) | No adjustment for healthy worker
(1986). (mortality). effect.
SMR = 1.68 )

(morbidity)
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TABLE Ill-4.—SUMMARY OF INFORMATION FROM 27 COHORT STUDIES ON LUNG CANCER AND OCCUPATIONAL EXPOSURE

TO DIESEL EXHAUST—Continued

Study Occupation Numt}ee)::tgf sub chgi'gé’p asE;(ggssrﬂ:sent Sangjk Findings 2 g,tsth Comments
Gustavsson et al. Bus garage work- | 708 .... 1952-86 | Semi-quantitative, SMR = 1.22 for Lack of statistical significance may
(1990). ers. based on job overall cohort. be attributed to small size of co-
history & expo- SMR = 1.27 for hort.
sure intensity highest-ex-
estimated for posed sub-
each job. group.
Hansen (1993) ..... Truck drivers ...... 14,225 ... 1970-80 | Occupation only SMR = 1.60 for (*) | Compared to unexposed control
overall cohort. group of 38,301 laborers consid-
Some indica- ered to ‘“resemble the group of
tion of increas- truck drivers in terms of work-re-
ing SMR with lated demands on physical
age (i.e., great- strength and fitness, educational
er cumulative background, social class, and life
exposure). style.”” Correction for estimated
differences in smoking habits be-
tween cohort and control group
reduces SMR from 1.60 to 1.52.
Results judged “unlikely *** [to]
have been seriously confounded
by smoking habit differences.”
Howe et al. (1983) | Railroad workers 1965-77 | Jobs classified by RR = 1.20 for (*) | Risk is relative to unexposed sub-
diesel exposure. “possibly ex- group of cohort. Similar results
posed.”. obtained for coal dust exposure.

RR = 1.35 for (*) | Possible confounding with asbestos
“probably ex- and coal dust.
posed.”.

Johnston et al. Underground coal | 18,166 ................ 1950-85 | Quantitative, Mine-adjusted Risk is relative to unexposed work-
(1997). miners. based on de- model: RR = ers in coal miners based on co-
tailed job his- 1.156 per g-hr/ hort. Adjusted for age, smoking

tory & surro- m3, habit & intensity, mine site, and

gate dpm cohort entry date. Mine site high-

measurements. ly correlated with dpm exposure.

Mine-unadjusted Both models lag exposure by 15
model: RR = years.

1.227 per g-hr/
m3.
Kaplan (1959) ....... Railroad workers | Approx. 32000 .... | 1953-58 | Jobs classified by SMR=0.88 for No adjustment for healthy worker
diesel exposure. operationally effect. Clerks (in rarely exposed
exposed. group) found more likely to have
had urban residence than occu-
pationally exposed workers.

SMR = 0.72 for No attempt to distinguish between
somewha ex- diesel and coal-fired locomotives.
posed SMR = Results may be attributable to
0.80 for rarely short duration of exposure and/or
exposed. inadequate follow-up time.

Leupker & Smith Truck drivers ...... 183,791 May—July, | Occupation only SMR =1.21 ....... Lack of statistical significance may
(1978). 1976 be due to inadequate follow-up
period. Retirees excluded from
cohort, so lung cancers occurring
after retirement were not in-
cluded.
Lindsay et al. Truck drivers ...... Not reported ....... 1965-79 | Occupation only SMR =1.15 ........ *)
(1933).
Menck & Hender- | Truck drivers ...... 34,800 estimated 1968-73 | Occupation only SMR =1.65 ........ (*) | Number of subjects in cohort esti-
son (1976). mated from census data.
Raffle (1957) ........ Transport engi- 2,666 estimated 1950-55 | Occupation only SMR =142 ........ SMR calculated by combining data
neers. from manyears presented for four quadrants of
at risk. London. Excluded from most re-
tirees and lung cancers occurring
after retirement.
Rafnsson & Truck drivers ...... 868 .....coceiiiis 1951-88 | Occupation only SMR =2.14 ....... (*) | No trend of increasing risk with in-

Gunnarsdottir
(1991).

creased duration of employment
or increased follow-up time.
Based on survey of smoking
habits in cohort compared to
general male population, and fact
that there were fewer than ex-
pected deaths from respiratory
disease, authors concluded that
differences in smoking habits
were unlikely to be enough to ex-
plain excess rate of lung cancer.
However, not all trucks were die-
sel prior to 1951, and there is
possible confounding by asbes-
tos exposure.
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TABLE Ill-4.—SUMMARY OF INFORMATION FROM 27 COHORT STUDIES ON LUNG CANCER AND OCCUPATIONAL EXPOSURE

TO DIESEL EXHAUST—Continued

Study Occupation Numbjzgtgf sub F?o”ec;\i,gcfp asE;(ggssrz:eent Sangjk Findings 2 :tgatb Comments

Rushton et al. Bus maintenamce | 8,480 .................. 5.9 yrs | Occupation only SMR = 1.01 for (*) | Short follow-up period. SMR based
(1983). workers. (mean) overall cohort. on comparison to national rates,
SMR = 1.33 for with no adjustment for regional or
“general hand” socioeconomic differences, which
subgroup. could account for excess lung
cancers observed among general
hands. No adjustment for healthy

worker effect.

Saverin et al. Underground pot- | 5,536 .................. 1970-94 | Quantitative, RR = 2.17 for Based on routine measurements,

(1999). ash miners. based on TC highest com- miners determined to have had
measurements pared to least no occupational exposure to
& detailed job exposed cat- radon progeny. Authors judged
history. egories. asbestos exposure minor, with
RR =1.03 to negligible  effects.  Cigarette
1.225 per mg- smoking determined to be
yr/m3, depend- uncorrelated with cumulative TC
ing on statis- exposure within cohort.
tical model &
inclusion cri-
teria.
Schenker et al. Railroad workers | 2,519 ................. 1967-79 | Job histories, with RR = 1.50 for low Risk relative to unexposed sub-
(1984). exposure clas- exposure sub- group. Jobs considered to have
sified as unex- group. similar socioeconomic status. Dif-
posed, high, RR = 2.77 for ferences in smoking calculated to
low, or unde- high exposure be insufficient to explain findings.
fined. subgroup. Possible confounding by asbes-
tos exposure.

Waller (1981) ........ Bus workers ....... 16,828 Est. from 1950-74 | Occupation only SMR = 0.79 for Lung cancers occurring after retire-
manyears at overall cohort. ment or resignation from London
risk. Transport Authority were not

counted. No adjustment for
healthy worker effect.

Waxweiler et al. Potash miners .... | 3,886 ................ 1941-67 | Miners classified SMR = 1.1 for No adjustment for healthy worker

(1973). as underground both under- effect. SMR based on national
or surface. ground and lung cancer mortality, which is
surface miners. about 1/3 higher than lung can-
cer mortality rate in New Mexico,
where miners resided. Authors
judged this to be balanced by
smoking among miners. A sub-
stantial percentage of the under-
ground subgroup may have had
little or no occupational exposure
to diesel exhaust.
SMR = 0.99 for
overall cohort.
SMR = 1.07 for
>20 yr member
SMR = 1.12 for
220 yr. latency.
Wong et al. (1973) | Heavy equipment | 34,156 ................ 1964-78 | Job histories, la- SMR = 1.30 for ™) Increasing trend in SMR with la-
operators. tency, & years 4,075 “normal” tency and (up to 15 yr) with dura-
of union mem- retirees. tion of union membership. No ad-
bership. justment for healthy worker ef-
fect.
SMR = 3.43 for *)
“high expo-

sure”” dozer op-
erators with
15-19 yr union
membership &
>20 yr latency.

aRR = Relative Risk; SMR = Standardized Mortality Ratio. Values greater than 1.0 indicate excess prevalence of lung cancer associated with diesel exposure.
b An asterisk (*) indicates statistical significance based on 2-tailed test at confidence level of at least 95%.

TABLE IlI-5.—SUMMARY OF PUBLISHED INFORMATION FROM 20 CASE-CONTROL STUDIES ON LUNG CANCER AND
EXPOSURE TO DIESEL EXHAUST

Num- | Num- Matching
ber of Exposure as- — Stat.
Study Cases Controls ber of - Findings 2 f Comments
cases | SO sessment Smk. Additional sig.?
trols
Benhamou et al. | Histologically Non-tobacco re- 1,625| 3,091 | Occupational V sex, age at di- RR=2.14 for *) Mine type not
(1988). confirmed leased dis- history by agnosis, hos- miners. reported.
lung cancers. eases. questionnaire. pital, inter-
viewer.
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TABLE Il1I-5.—SUMMARY OF PUBLISHED INFORMATION FROM 20 CASE-CONTROL STUDIES ON LUNG CANCER AND
EXPOSURE TO DIESEL EXHAUST—Continued

Num- kI)\lum-f e Matching Stat
Stud Cases Controls ber of er o Xposure as- Findings 2 tat. Comments
y cases | SO sessment Smk. Additional ’ sig.?

RR=1.42 for *) No evidence of
professional an increase in
drivers. risk with dura-

tion of expo-
sure.

Boffetta et al. Hospitalized Hospitalized 2,584 | 5,099| Occupation N Sex, age within | OR=0.95 for 13 Adjusted for
(1990). males with males with no classified by 2 yr, hospital, jobs with race, asbes-

histologically tobacco re- probability of year of inter- probable ex- tos exposure,
confirmed lated disease. diesel expo- view. posure. education, &
lung cancer. sure. OR=1.49 for number of
more than 30 cigarettes per
yr in “prob- day.
able” jobs.
Do oo 477 846 | Occupational N do . OR=1.21 for
history & du- any self-re-
ration of die- ported diesel
sel exposure exposure.
by interview. OR=2.39 for
more than 30
yr of self-re-
ported diesel
exposure..
Briske-Hohlfeld | Cytologically Randomly se- 3,498 | 3,541 | Occupational \/ Sex, age, region | OR=1.43 for *) Adjusted for cu-
et al. (1999). and/or histo- lected from history by of residence. any occupa- *) mulative
logically con- compulsory interview; tional diesel W) smoking &
firmed lung registries of total duration exposure dur- ) asbestos ex-
cancers. residents. of diesel ex- ing lifetime. *) posure. All
posure com- OR=1.56 for interviews
piled from in- West German conducted di-
dividual job professional rectly with
episodes. drivers post- cases and
1955. controls. Lack

OR=2.88 for > of elevated
20 yr in “traf- risk for East
fic-related” German pro-
jobs other fessional driv-
than driving. ers attributed

OR=6.81 for > to relatively
30 yr as full- low traffic
time driver of density & low
farm tractors. proportion of

OR=4.30 for > vehicles with
20 yr as diesel en-
heavy equip- gines in East
ment operator. Germany.

Non-driving
“traffic-related
jobs” include
switchmen &
operators of
diesel loco-
motives &
forklifts.

Buiatti et al. Histologically Patients at 376 892 | Occupational \ Sex, age, ad- OR=1.8 for taxi Adjusted for
(1985). confirmed same hospital. history from mission date. drivers. current and

lung cancers. interview. past smoking
patterns and
for asbestos
exposure.

Coggon et al. Lung cancer Deaths from 598| 1,180| Occupation from Sex, death year, | RR=1.3 for all *) Only most re-
(1984). deaths of other causes death certifi- region, and jobs with die- cent full-time

males under in males cate, classi- birth year sel exposure. occupation re-
40. under 40. fied as high, (approx.). RR=1.1 for jobs corded on
low, or no classified as death certifi-
diesel expo- high exposure. cate.
sure.

Damber & Male patients One living and 604| 1,071 Job, with ten- \ Sex, death year, | RR=1.9 for non- *) Ex-smokers
Larsson with lung can- one deceased ure, from age, munici- smoking truck who did not
(1985). cer. without lung mailed ques- pality. drivers aged smoke for at

cancer. tionnaire. <70 yr. least last 10

RR=4.5 for non- years in-

smoking truck cluded with

drivers aged
270 yr.

non-smokers.
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TABLE Il1I-5.—SUMMARY OF PUBLISHED INFORMATION FROM 20 CASE-CONTROL STUDIES ON LUNG CANCER AND
EXPOSURE TO DIESEL EXHAUST—Continued

Num- L\lum—f £ Matching Stat
Stud Cases Controls ber of er o Xposure as- Findings 2 tat. Comments
Y cases ;:on- sessment Smk. Additional 9 sig.>
rols
DeCoufle et al. Male patients Non-neoplastic 6,434 (<) | Occupation \ Unmatched ....... RR=0.92 for Selected occu-
(1997). with lung can- disease pa- only, from bus, taxi, and pation com-
cer. tients. questionnaire. truck drivers. pared to cler-
RR=0.94 for lo- ical workers.
comotive en- Positive asso-
gineers. ciations found
before smok-
ing adjust-
ment.
Emmelin et al. Deaths from pri- | Dock workers 50 154 | Semi-quan- 3 Date of birth, RR = 1.6 for Increasing rel-
(1993). mary lung without lung titative from port, and sur- “medium” du- ative risk also
cancer among cancer. work history & vival to within ration of ex- observed
dock workers. records of 2 years of posure.. using expo-
diesel fuel case’s diag- RR = 2.9 for sure esti-
usage. nosis of lung “high” dura- mates based
cancer. tion of expo- on machine
sure. usage & die-
sel fuel con-
sumption.
Confounding
from asbestos
may be sig-
nificant.
Garshick et al. Deaths with pri- | Deaths from 1,256| 2,385| Job history and V Date of birth RR = 1.41 for *) Adjusted for as-
(1987). mary lung other than tenure com- and death. 20+ diesel- bestos expo-
cancer among cancer, sui- bined with years in work- sure. Older
railroad work- cide, acci- current expo- ers aged < 64 workers had
ers. dents, or un- sure levels yr.. relatively
known causes. measured for RR = 0.91 for short diesel
each job. 20+ diesel- exposure, or
years in work- none.
ers aged > 65
yr.
Gustavsson et Deaths from Non-cases with- 20 120 | Semi-quan- Born within two | RR = 1.34, *) Authors judged
al. (1990). lung cancer in cohort mor- titative based years of case. 1.81, and smoking hab-
among bus tality study. on job, ten- 2.43 for in- its to be simi-
garage work- ure, & expo- creasing cu- lar for dif-
ers. sure class for mulative die- ferent expo-
each job. sel exposure sure cat-
categories, egories. RR
relative to did not in-
lowest expo- crease with
sure category. increasing as-
bestos expo-
sure.
Hall & Wynder Hospitalized Hospitalized 502 502 | Usual occupa- \/ Age, race, hos- | RR = 1.4 for Confounding
(1984). males with males with no tion by inter- pital, and hos- jobs with die- with other oc-
lung cancer. tobacco-re- view. pital room sel exposure.. cupational ex-
lated dis- status. RR = 1.9 for posures pos-
eases. heavy equip- sible.
ment opera-
tors & repair-
men.
Hayes et al. Lung cancer Various—lung 2,291| 2,570| Occupational \ Sex, age, and OR = 1.5 for 2 *) OR adjusted for
(1989). deaths pooled disease ex- history by either race or 10 yr truck birth-year co-
from 3 studies. cluded. interview. area of resi- driving. OR = hort and state
dence. 2.1 for>10yr of residence
operating (FL, NJ, or
heavy equip- LA), in addi-
ment. OR = tion to aver-
1.7 for > 10 yr age cigarette
bus driving. use. Smaller
OR for < 10
yr in these
jobs.
Lerchen et al. New Mexico Medicare recipi- 506 771 | Occupational \ Sex, age, eth- OR = 0.6 for > 1 Small number of
(1987). residents with ents. history, indus- nicity. yr occupa- cases and
lung cancer. try, & self-re- tional expo- controls in
ported expo- sure to diesel diesel-ex-
sure, by inter- exhaust.. posed jobs.
view. OR = 2.1 for un- Possibly in-
derground sufficient ex-
non-uranium posure dura-
mining. tion. Not
matched on
date of birth

or death.
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TABLE Il1I-5.—SUMMARY OF PUBLISHED INFORMATION FROM 20 CASE-CONTROL STUDIES ON LUNG CANCER AND
EXPOSURE TO DIESEL EXHAUST—Continued

Num- kI)\lum-f e Matching Stat
Stud Cases Controls ber of er o Xposure as- Findings 2 tat. Comments
y cases | SO sessment Smk. Additional ’ sig.?
Milne et al. Lung cancer Deaths from 925| 6,565| Occupation from None ............. OR = 3.5 for *) Inadequate la-
(1983). deaths. any other death certifi- bus drivers. tency allow-
cancer. cate. OR = 1.6 for ance.
truck drivers.
Morabia et al. Male lung can- Patients without 1,793| 3,228 | Job, with coal N Race, age, hos- | OR=2.3 for min- Mine type not
(1992). cer patients. lung cancer and asbestos pital, and ers.. specified. Po-
or other to- exposure du- smoking his- | OR=1.1 for bus tential con-
bacco-related rations, by tory. drivers.. founding by
condition. interview. OR=1.0 for other occupa-
truck or trac- tional expo-
tor drivers. sures for min-
ers.
Pfluger and Professional Workers in oc- 284| 1,301 | Occupation OR=1.48 for *) Stratified by
Minder (1994). drivers. cupational only, from professional age. Indirectly
categories death certifi- drivers. adjusted for
with no cate. smoking,
known excess based on
lung cancer smoking-rate
risk. for occupa-
tion.
Siemiatycki et al. | Squamous cell Other cancer 359| 1,523| Semi-quan- \ None ......cccceeee OR=1.2 for die- Stratified by
(1988). lung cancer patients. titative, from sel exposure;. age, socio-
patients by occupational OR=2.8 for min- economic sta-
type of lung history by ing. tus, ethnicity,
cancer. interview, & and blue- vs.
exposure white-collar
class for each job history.
job. Examination
of files indi-
cated that
most miners
‘“‘were ex-
posed to die-
sel exhaust
for short peri-
ods of time.”
Mining in-
cluded quar-
rying, so re-
sult is likely to
be con-
founded by
silica expo-
sure.
Steenland et al. | Deaths from Deaths other 996| 1,085| Occupational \ Time of death OR=1.27 for *) Years of tenure
(1990, 1992, lung CA than lung or history and within 2 years. diesel truck not nec-
1998). among Team- bladder can- tenure from drivers with essarily all at
sters. cer or motor next-of-kin, 1-24 yr ten- main job (i.e.,
vehicle acci- supplemented ure.. diesel truck
dents. by IH data. OR=1.26 for driver). OR
diesel truck adjusted for
drivers with asbestos ex-
25-34 yr ten- posure.
ure..
OR=1.89 for
diesel truck
drivers with
>35 yr tenure..
OR=1.50 for
truck mechan-
ics with >18

yr tenure after
1959.
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TABLE Il1I-5.—SUMMARY OF PUBLISHED INFORMATION FROM 20 CASE-CONTROL STUDIES ON LUNG CANCER AND
EXPOSURE TO DIESEL EXHAUST—Continued

Num- lra\lt;rn;f Exposure as Matching Stat
Stud Cases Controls ber of Xposu : Findings 2 s Comments
Y cases ?on- sessment Smk. Additional 9 sig.>
rols
Swanson et al. Histologically Colon or rectal d43,792| 41,966 | Occupational \/ None OR = 1.4 for OR for truck
(1993) See confirmed De- cancer cases. | ©5,935| ¢3,956| history from heavy truck drivers & RR
also Burns & troit metro interview. drivers with workers is for
Swanson area lung 1-9 yr tenure. white males,
(1991). cancers. OR = 1.6 for relative to
heavy truck corresponding
drivers with group with <
10-19 yr ten- 1 yr tenure,
ure adjusted for
OR = 2.5 for age at diag-
heavy truck *) nosis. Pattern
drivers with of increasing
>20 yr tenure risk with dura-
tion of em-
ployment also
reported for
black male
railroad work-
ers, based on
fewer cases.
(1993 report).
OR = 1.2 for
railroad work-
ers with 1-9
yr tenure.
OR = 2.5 for
railroad work- *)
ers with =10
yr tenure
OR = 2.98 for *) OR for mining
mining indus- machinery op-
try workers. erators and
OR = 5.03 for mining is for
mining ma- *) all males, ad-
chinery oper- justed for
ators race and age
at diagnosis.
Type of min-
ing not re-
ported. Poten-
tial con-
founding by.
Williams et al. Male lung can- Other male can- 432 2,817| Main lifetime oc- N Sex OR = 1.52 for Controlled for
(1977). cer patients. cer patients. cupation from male truck age, race, al-
interview. drivers. cohol use,
and socio-
economic sta-
tus. Unex-
plained dis-
crepancies in
reported num-
ber of con-
trols.

2aRR = Relative Risk; OR = Odds Ratio. Values greater than 1.0 indicate excess prevalence of lung cancer associated with diesel exposure.
b An asterisk (*) indicates statistical significance based on 2-tailed test at confidence level of at least 95%.

<Not reported. dMales. e Total.

(i) Evaluation Criteria. Several
commenters contended that MSHA paid
more attention to positive studies than
to negative ones and indicated that
MSHA had not sufficiently explained its
reasons for discounting studies they
regarded as providing negative
evidence. MSHA used five principal
criteria to evaluate the strengths and
weaknesses of the individual studies:

(1) power of the study to detect an
exposure effect;

(2) composition of comparison
groups;

(3) exposure assessment;

(4) statistical significance; and

(5) potential confounders.

These criteria are consistent with
those proposed by the HEI Diesel
Epidemiology Expert Panel (HEI, 1999).
To help explain MSHA'’s reasons for
valuing some studies over others, these
five criteria will now be discussed in
turn.

Power of The Study

There are several factors that
contribute to a study’s power, or ability
to detect an increased risk of lung
cancer in an exposed population. First

is the study’s size—i.e., the number of
subjects in a cohort or the number of
lung cancer cases in a case-control
study. If few subjects or cases are
included, then any statistical
relationships are likely to go
undetected. Second is the duration and
intensity of exposure among members of
the exposed group. The greater the
exposure, the more likely it is that the
study will detect an effect if it exists.
Conversely, a study in which few
members of the exposed group
experienced cumulative exposures
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significantly greater than the
background level is unlikely to detect an
exposure effect. Third is the length of
time the study allows for lung cancer to
exhibit a statistical impact after
exposure begins. This involves a latency
period, which is the time required for
lung cancer to develop in affected
individuals, or (mainly pertaining to
cohort studies) a follow-up period,
which is the time allotted, including
latency, for lung cancers in affected
individuals to show up in the study. It
is generally acknowledged that lung
cancer studies should, at the very
minimum, allow for a latency period of
at least 10 years from the time exposure
begins and that it is preferable to allow
for latency periods of at least 20 years.
The shorter the latency allowance, the
less power the study has to detect any
increased risk of lung cancer that may
be associated with exposure.

As stated above, six of the 47 studies
did not show positive results: One of
these studies (Edling et al.) was based
on a small cohort of 694 bus workers,
thus having little statistical power.
Three other of these studies (DeCoufle,
Kaplan, and Christie) included exposed
workers for whom there was an
inadequate latency allowance (i.e., less
than 10 years). The entire period of
follow-up in the Kaplan study was
1953-1958. The Christie study was
designed in such a way as to provide for
neither a minimum period of exposure
nor a minimum period of latency: the
report covers lung cancers diagnosed
only through 1992, but the “exposed”
cohort includes workers who may have
entered the work force (and thus begun
their exposure) as late as Dec. 31, 1992.
Such workers would not be expected to
develop lung cancer during the study
period. The remaining two negative
studies (Bender, 1989 and Waller, 1981)
appear to have been included a
reasonably adequate number of exposed
workers and to have allowed for an
adequate latency period.

Some of the 41 positive studies also
had little power, either because they
included relatively few exposed workers
(e.g., Lerchen et al., 1987, Ahlman et al.,
1991; Gustavsson et al., 1990) or an
inadequate latency allowance or follow-
up period (e.g., Leupker and Smith
(1978); Milne, 1983; Rushton et al.,
1983). In those based on few exposed
workers, there is a strong possibility that
the positive association arose merely by
chance.3° The other studies, however,

30 As noted in Table I1I-4, the underground
sulfide ore miners studied by Ahlman et al. (1991)
were exposed to radon in addition to diesel
emissions. The total number of lung cancers
observed, however, was greater than what was
attributable to the radon exposure, based on a

found increased prevalence of lung
cancer despite the relatively short
periods of latency and follow-up time
involved. It should be noted that, for
reasons other than lack of power, MSHA
places very little weight on the Milne
and Rushton studies. As mentioned in
Table I1I-4, the Rushton study
compared the cohort to the national
population, with no adjustment for
regional or socioeconomic differences.
This may account for the excess rate of
lung cancers reported for the exposed
“general hand” job category. The Milne
study did not control for potentially
important “‘confounding” variables, as
explained below in MSHA'’s discussion
of that criterion.

Composition of Comparison Groups

This criterion addresses the question
of how equitable is the comparison
between the exposed and unexposed
populations in a cohort study, or
between the subjects with lung cancer
(i.e., the “cases”) and the subjects
without lung cancer (i.e., the “controls”)
in a case-control study. MSHA includes
bias due to confounding variables under
this criterion if the groups differ
systematically with respect to such
factors as age or exposure to non-diesel
carcinogens. For example, unless
adequate adjustments are made,
comparisons of underground miners to
the general population may be
systematically biased by the miners’
greater exposure to radon gas.
Confounding not built into a study’s
design or otherwise documented is
considered potential rather than
systematic and is considered under a
separate criterion below. Other factors
included under the present criterion are
systematic (i.e., “‘differential”’)
misclassification of those placed into
the “exposed” and “unexposed’ groups,
selection bias, and bias due to the
“healthy worker effect.”

In several of the studies, a group
identified with diesel exposure may
have systematically included workers
who, in fact, received little or no
occupational diesel exposure. For
example, a substantial percentage of the
“underground miner”” subgroup in
Waxweiler et al. (1973) worked in
underground mines with no diesel
equipment. This would have diluted
any effect of dpm exposure on the group
of underground miners as a whole.31

calculation by the authors. Therefore, the authors
attributed a portion of the excess risk to diesel
exposure.

31 Furthermore, as pointed out in comments
submitted by Dr. Peter Valberg through the NMA,
the subgroup of underground miners working at
mines with diesel engines was small, and the
exposure duration in one of the mines with diesel

Similarly, the groups classified as
miners in Benhamou et al. (1988),
Boffetta et al. (1988), and Swanson et al.
(1993) included substantial percentages
of miners who were probably not
occupationally exposed to diesel
emissions. Potential effects of exposure
misclassification are discussed further
under the criterion of “Exposure
Assessment” below.

Selection bias refers to systematic
differences in characteristics of the
comparison groups due to the criteria
and/or methods used to select those
included in the study. For example,
three of the cohort studies (Raffle, 1957;
Leupker and Smith, 1976; Waller, 1981)
systematically excluded retirees from
the cohort of exposed workers—but not
from the population used for
comparison. Therefore, cases of lung
cancer that developed after retirement
were counted against the comparison
population but not against the cohort.
This artificially reduced the SMR
calculated for the exposed cohort in
these three studies.

Another type of selection bias may
occur when members of the control
group in a case-control study are non-
randomly selected. This happens when
cases and controls are selected from the
same larger population of patients or
death certificates, and the controls are
simply selected (prior to case matching)
from the group remaining after those
with lung cancer are removed. Such
selection can lead to a control group
that is biased with respect to occupation
and smoking habits. Specifically,

“* * * a severely distorted estimate of
the association between exposure to
diesel exhaust and lung cancer, and a
severely distorted picture of the
direction and degree of confounding by
cigarette smoking, can come from case-
control studies in which the controls are
a collection of ‘other deaths’”” when the
cause of most ‘other deaths’ is itself
correlated with smoking or occupational
choice (HEI, 1999). This selection bias
can distort results in either direction.

MSHA judged that seven of the 20
available case-control studies were
susceptible to this type of selection bias
because controls were drawn from a
population of “other deaths” or “other
patients.” 32 These control groups were
likely to have over-represented cases of
cardiovascular disease, which is known
to be highly correlated with smoking
and is possibly also correlated with

engines was only ten years. Therefore, the power of
the study was inadequate to detect an excess risk
of lung cancer for that subgroup by itself.

32 These were: Buiatti et al. (1985), Coggan et al.
(1984), DeCoufle et al. (1977), Garshick et al. (1987),
Hayes et al. (1989), Lerchen et al. (1987), and
Steenland et al. (1990).
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occupation. The only case-control study
not reporting a positive result (DeCoufle
et al., 1977) fell into this group of seven.
The remaining 13 case-control studies
all reported positive results.

It is “well established that persons in
the work force tend to be ‘healthier’
than persons not employed, and
therefore healthier than the general
population. Worker mortality tends to
be below average for all major causes of
death.” (HEI, 1999) Because workers
tend to be healthier than non-workers,
the prevalence of disease found among
workers exposed to a toxic substance
may be lower than the rate prevailing in
the general population, but higher than
the rate occurring in an unexposed
population of similar workers. This
phenomenon is called the “healthy
worker effect.”

All five cohort studies reporting
entirely negative results drew
comparisons against the general
population and made no adjustments to
take the healthy worker effect into
account. (Kaplan, 1959; Waller (1981);
Edling et al. (1987); Bender et al. (1989);
Christie et al. (1995). The sixth negative
study (DeCoufle, 1977) was a case-
control study in which vehicle drivers
and locomotive engineers were
compared to clerical workers. As
mentioned earlier, this study did not
meet the criterion for a minimum 10-
year latency period. All other studies in
which exposed workers were compared
against similar but unexposed workers
reported some degree of elevated lung
cancer risk for exposed workers.

Many of the 41 positive studies also
drew comparisons against the general
population with no compensating

adjustment for the healthy worker effect.

But the healthy worker effect can
influence results even when the age-
adjusted mortality or morbidity rate
observed among exposed workers is
greater than that found in the general
population. In such studies, comparison
with the general population tends to
reduce the excess risk attributable to the
substance being investigated. For
example, Gustafsson et al. (1986),
Rushton et al. (1983), and Wong et al.
(1985) each reported an unadjusted
SMR exceeding 1.0 for lung cancer in
exposed workers and an SMR
significantly less than 1.0 for all causes
of death combined. Since the SMR for
all causes is less than 1.0, there is
evidence of a healthy worker effect.
Therefore, the SMR reported for lung
cancer was probably lower than if the
comparison had been made against a
more similar population of unexposed
workers. Bhatia et al. (1998) constructed
a simple estimate of the healthy worker
effect evident in these studies, based on

the SMR for all causes of death except
lung cancer. This estimate was then
used to adjust the SMR reported for lung
cancer. For the three positive studies
mentioned, the adjustment raised the
SMR from 1.29 to 1.48, from 1.01 to
1.23, and from 1.07 to 1.34,
respectively.33

Exposure Assessment

Many commenters suggested that a
lack of concurrent exposure
measurements in available studies
limits their utility for quantitative risk
assessment (QRA). MSHA is fully aware
of these limitations but also recognizes
that less desirable surrogates of
exposure must frequently be employed
out of practical necessity. As stated by
HEI’s expert panel on diesel
epidemiology:

Quantitative measures of exposures are
important in any epidemiologic study used
for QRA. The greater the detail regarding
specific exposure, including how much, for
how long, and at what concentration, the
more useful the study is for this purpose.
Frequently, however, individual
measurements are not available, and
surrogate measures or markers are used. For
example, the most general surrogate
measures of exposure in occupational
epidemiologic studies are job classification
and work location. (HEI, 1999)

It is important to distinguish,
moreover, between studies used to
identify a hazard (i.e., to establish that
dpm exposure is associated with an
excess risk of lung cancer) and studies
used for QRA (i.e., to quantify the
amount of excess risk corresponding to
a given level of exposure). Although
detailed exposure measurements are
desirable in any epidemiologic study,
they are more important for QRA than
for identifying and characterizing a
hazard. Conversely, epidemiologic
studies can be highly useful for
purposes of hazard identification and
characterization even if a lack of
personal exposure measurements
renders them less than ideal for QRA.

Still, MSHA agrees that the quality of
exposure assessment affects the value of
a study for even hazard identification.
Accordingly, MSHA has divided the 47
studies into four categories, depending
on the degree to which exposures were
quantified for the specific workers
included. This ranking refers only to
exposure assessment and does not
necessarily correspond to the overall

33 A similar adjustment was applied to the SMR
for lung cancer reported in one of the negative
studies (Edling et al., 1987). This raised the SMR
from 0.67 to 0.80. Because of insufficient data,
Bhatia et al. did not carry out the adjustment for
the three other studies they considered with
potentially important healthy worker effects.
(Bhatia et al., 1998)

weight MSHA places on any of the
studies.

The highest rank, with respect to this
criterion, is reserved for studies having
quantitative, concurrent exposure
measurements for specific workers or
for specific jobs coupled with detailed
work histories. Only two studies
(Johnston et al., 1997 and Séaverin et al.,
1999) fall into this category.34 Both of
these recent cohort studies took
smoking habits into account. These
studies both reported an excess risk of
lung cancer associated with dpm
exposure.

The second rank is defined by semi-
quantitative exposure assessments,
based on job history and an estimated
exposure level for each job. The
exposure estimates in these studies are
crude, compared to those in the first
rank, and they are subject to many more
kinds of error. This severely restricts the
utility of these studies for QRA (i.e., for
quantifying the change in risk
associated with various specified
exposure levels). For purposes of hazard
identification and characterization,
however, crude exposure estimates are
better than no exposure estimates at all.
MSHA places two cohort studies and
five case-control studies into this
category.3® All seven of these studies
reported an excess risk of lung cancer
risk associated with diesel exposure.
Thus, results were positive in all nine
studies with quantitative or semi-
quantitative exposure assessments.

The next rank belongs to those studies
with only enough information on
individual workers to construct
estimates of exposure duration.
Although these studies present no data
relating excess risk to specific exposure
levels, they do provide excess risk
estimates for those working a specified
minimum number of years in a job
associated with diesel exposure. One
cohort study and five case-control
studies fall into this category, and all six
of them reported an excess risk of lung
cancer.3® With one exception

34 The study of German potash miners by Saverin
et al. was introduced by NIOSH at the Knoxville
public hearing prior to publication. The study, as
cited, was later published in English. Although the
dpm measurements (total carbon) were all made in
one year, the authors provide a justification for
assuming that the mining technology and type of
machinery used did not change substantially during
the period miners were exposed (ibid., p.420).

35 The cohort studies are Garshick et al. (1988)
and Gustavsson et al. (1990). The case-control
studies are Emmelin et al. (1993), Garshick et al.
(1997), Gustavsson et al. (1990), Siemiatycki et al.
(1988), and Steenland et al. (1990, 1992).

36 The cohort study is Wong et al. (1985). The
case-control studies are Briiske-Hohlfeld et al.
(1999), Benhamou et al. (1988), Boffetta et al.
(1990), Hayes et al. (1989), and Swanson et al.
(1993).
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(Benhamou et al. 1988), these studies
also presented evidence of increased
age-adjusted risk for workers with
longer exposures and/or latency
periods.

The bottom rank, with respect to
exposure assessment, consists of studies
in which no exposure information was
collected for individual workers. These
studies used only job title to distinguish
between exposed and unexposed
workers. The remaining 32 studies,
including five of the six with entirely
negative results, fall into this category.

Studies basing exposure assessments
on only a current job title (or even a
history of job titles) are susceptible to
significant misclassification of exposed
and unexposed workers. Unless the
study is poorly designed, this
misclassification is “nondifferential ’—
i.e., those who are misclassified are no
more and no less likely to develop lung
cancer (or to have been exposed to
carcinogens such as tobacco smoke)
than those who are correctly classified.
If workers are sometimes misclassified
nondifferentially, then this will tend to
mask or dilute any excess risk
attributable to exposure. Furthermore,
differential misclassification in these
studies usually consists of
systematically including workers with
little or no diesel exposure in a job
category identified as “exposed.” This
too would generally mask or dilute any
excess risk attributable to exposure.
Therefore, MSHA assumes that in most
of these studies, more rigorous and
detailed exposure assessments would
have resulted in somewhat higher
estimates of excess risk.

IMC Global, MARG, and some other
commenters expressed special concern
about potential exposure
misclassification and suggested that
such misclassification might be partly
responsible for results showing excess
risk. IMC Global, for example, quoted a
textbook observation that, contrary to
popular misconceptions, nondifferential
exposure misclassification can
sometimes bias results away from the
null. MSHA recognizes that this can
happen under certain special
conditions. However, there is an
important distinction between “can
sometimes” and “can frequently.” There
is an even more important distinction
between “‘can sometimes” and “in this
case does.” As noted by the HEI Expert
Panel on Diesel Epidemiology (HEI,
1999, p. 48), “* * * nondifferential
misclassification most often leads to an
overall underestimation of effect.”
Similarly, Silverman (1998) noted,
specifically with respect to the diesel
studies, that “* * * this [exposure
misclassification] bias is most likely to

be nondifferential, and the effect would
probably have been to bias point
estimates [of excess risk] toward the
null value.”

Statistical Significance

A “statistically significant” finding is
a finding unlikely to have arisen by
chance in the particular group, or
statistical sample, of persons being
studied. An association arising by
chance would have no predictive value
for exposed workers outside the sample.
However, a specific epidemiologic study
may fail to achieve statistical
significance for two very different
reasons: (1) there may be no real
difference in risk between the two
groups being compared, or (2) the study
may lack the power needed to detect
whatever difference actually exists. As
described earlier, a lack of sufficient
power comes largely from limitations
such as a small number of subjects in
the sample, low exposure and/or
duration of exposure, or too short a
period of latency or follow-up time.
Therefore, a lack of statistical
significance in an individual study does
not demonstrate that the results of that
study were due merely to chance—only
that the study (viewed in isolation) is
statistically inconclusive.

As explained earlier, MSHA classifies
areported RR, SMR, or OR (i.e., the
point estimate of relative risk) as
“positive” if it exceeds 1.0 and
“negative” if it is less than or equal to
1.0. By common convention, a positive
result is considered statistically
significant if its 95-percent confidence
interval does not overlap 1.0. If all other
relevant factors are equal, then a
statistically significant positive result
provides stronger evidence of an
underlying relationship than one that is
not statistically significant. On the other
hand, a study must meet two
requirements in order to provide
statistically significant evidence of no
positive relationship: (1) the upper limit
of its 95-percent confidence interval
must not exceed 1.0 by an appreciable
amount 37 and (2) it must have allowed
for sufficient exposure, latency, and
follow-up time to have detected an
existing relationship.

As shown in Tables I1I-4 and III-5,
statistically significant positive results
were reported in 25 of the 47 studies: 11
of the 19 positive case-control studies
and 14 of the 22 positive cohort studies.
In 16 of the 41 studies showing a
positive association, the association
observed was not statistically
significant. Results in five of the six

37 As a matter of practicality, MSHA places the

threshold at 1.05.

negative studies were not statistically
significant. One of the six negative
studies (Christie et al., 1995, in full
version), reported a statistically
significant deficit in lung cancer for
miners. This study, however, provided
for no minimum period of exposure or
latency and, therefore, lacked the power
necessary to provide statistically
significant evidence.38

Whether or not a study provides
statistically significant evidence is
dependent upon many variables, such
as study size, adequate follow-up time
(to account for enough exposure and
latency), and adequate case
ascertainment. In the ideal world, a
sufficiently powerful study that failed to
demonstrate a statistically significant
positive relationship would, by its very
failure, provide statistically significant
evidence that an underlying
relationship between an exposure and a
specific disease was unlikely. It is
important to note that MSHA regards a
real 10-percent increase in the risk of
lung cancer (i.e., a relative risk of 1.1)
as constituting a clearly significant
health hazard. Therefore, “sufficiently
powerful” in this context means that the
study would have to be of such scale
and quality as to detect a 10-percent
increase in risk if it existed. The
outcome of such a study could plausibly
be called “negative” even if the
estimated RR slightly exceeded 1.0—so
long as the lower confidence limit did
not exceed 1.0 and the upper confidence
limit did not exceed 1.05. Rarely does
an epidemiological study fall into this
“ideal” study category. MSHA reviewed
the dpm epidemiologic studies to
determine which of them could
plausibly be considered to be negative.

For example, one study (Waxweiller
et al., 1973) reported positive but
statistically non-significant results
corresponding to an RR of about 1.1.
Among the studies MSHA counts as
positive, this is the one that is
numerically closest to being “negative”.
This study, however, relied on a
relatively small cohort containing an
indeterminate but probably substantial
percentage of occupationally unexposed
workers. Furthermore, there was no
minimum latency allowance for the
exposed workers. Therefore, even if
MSHA were to use 1.1 rather than 1.05
as a threshold for significant relative
risk, the study had insufficient
statistical power to merit ‘“‘negative”
status.

One commenter (Dr. James Weeks,
representing the UMWA) argued that
“MSHA’s reliance on * * * statistical

38 More detailed discussion of this study appears
later in this subsection.
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significance is somewhat misplaced.
Results that are not significant
statistically * * * can nevertheless
indicate that the exposure in question
caused the outcome.” MSHA agrees that
an otherwise sound study may yield
positive (or negative) results that
provide valuable evidence for (or
against) an underlying relationship but
fail, because of an insufficient number
of exposed study subjects, to achieve
statistical significance. In the absence of
other evidence to the contrary, a single
positive but not statistically significant
result could even show that a causal
relationship is more likely than not. By
definition, however, such a result would
not be conclusive at a high level of
confidence. A finding of even very high
excess risk in a single, well-designed
study would be far from conclusive if
based on a very small number of
observed lung cancer cases or if it were
in conflict with evidence from toxicity
studies.

MSHA agrees that evidence should
not be ignored simply because it is not
conclusive at a conventional but
arbitrary 95-percent confidence level.
Lower confidence levels may represent
weaker but still important evidence.
Nevertheless, to rule out chance effects,
the statistical significance of individual
studies merits serious consideration
when only a few studies are available.
That is not the case, however, for the
epidemiology literature relating lung
cancer to diesel exposure. Since many
studies contribute to the overall weight
of evidence, the statistical significance
of individual studies is far less
important than the statistical
significance of all findings combined.
Statistical significance of the combined
findings is addressed in Subsection
3.a.iii of this risk assessment.

Potential Confounders

There are many variables, both known
and unknown, that can potentially
distort the results of an epidemiologic
study. In studies involving lung cancer,
the most important example is tobacco
smoking. Smoking is highly correlated
with the development of lung cancer. If
the exposed workers in a study tend to
smoke more (or less) than the
population to which they are being
compared, then smoking becomes what
is called a “confounding variable” or
“confounder” for the study. In general,
any variable affecting the risk of lung
cancer potentially confounds observed
relationships between lung cancer and
diesel exposure. Conspicuous examples
are age, smoking habits, and exposure to
airborne carcinogens such as asbestos or
radon progeny. Diet and other lifestyle
factors may also be potential

confounders, but these are probably less
important for lung cancer than for other
forms of cancer, such as bladder cancer.

There are two ways to avoid
distortion of study results by a potential
confounder: (1) design the study so that
the populations being compared are
essentially equivalent with respect to
the potentially confounding variable; or
(2) allow the confounding to take place,
but adjust the results to compensate for
its effects. Obviously, the second
approach can be applied only to known
confounders. Since no adjustment can
be made for unknown confounders, it is
important to minimize their effects by
designing the comparison groups to be
as similar as possible.

The first approach requires a high
degree of control over the two groups
being compared (exposed and
unexposed in a cohort study; with and
without lung cancer in a case-control
study). For example, the effects of age in
a case-control study can be controlled
by matching each case of lung cancer
with one or more controls having the
same year of birth and age in year of
diagnosis or death. Matching on age is
never perfect, because it is generally not
feasible to match within a day or even
a month. Similarly, the effects of
smoking in a case-control study can be
imperfectly controlled by matching on
smoking habits to the maximum extent
possible.?9 In a cohort study, there is no
confounding unless the exposed cohort
and the comparison group differ with
respect to a potential confounder. For
example, if both groups consist entirely
of never-smokers, then smoking is not a
confounder in the study. If both groups
contain the same percentage of smokers,
then smoking is still an important
confounder to the extent that smoking
intensity and history differ between the
two groups. In an attempt to minimize
such differences (along with potentially
important differences in diet and
lifestyle) some studies restrict
comparisons to workers of similar
socioeconomic status and area of
residence. Studies may also explicitly
investigate smoking habits and histories
and forego any adjustment of results if
these factors are found to be
homogeneously distributed across
comparison groups. In that case,
smoking would not actually appear to
function as a confounder, and a smoking
adjustment might not be required or
even desirable. Nevertheless, a certain
amount of smoking data is still

391f cases and controls cannot be closely matched
on smoking or other potentially important
confounder, then a hybrid approach is often taken.
Cases and controls are matched as closely as
possible, differences are quantified, and the study
results are adjusted to account for the differences.

necessary in order to check or verify
homogeneity. The study’s credibility
may also be an important consideration.
Therefore, MSHA agrees with the HEI's
expert panel that even when smoking
appears not to be a confounder,

* * * g study is open to criticism if no
smoking data are collected and the
association between exposure and outcome is
weak. * * * When the magnitude of the
association of interest is weak, uncontrolled
confounding, particularly from a strong
confounder such as cigarette smoking, can
have a major impact on the study’s results
and on the credibility of their use. [HEIL,
1999]

However, this does not mean that a
study cannot, by means of an efficient
study design and/or statistical
verification of homogeneity,
demonstrate adequate control for
smoking without applying a smoking
adjustment.

The second approach to dealing with
a confounder requires knowledge or
estimation both of the differences in
group composition with respect to the
confounder and of the effect that the
confounder has on lung cancer. Ideally,
this would entail specific, quantitative
knowledge of how the variable affects
lung cancer risk for each member of
both groups being compared. For
example, a standardized mortality ratio
(SMR) can be used to adjust for age
differences when a cohort of exposed
workers with known birth dates is
compared to an unexposed reference
population with known, age-dependent
lung cancer rates.#° In practice, it is not
usually possible to obtain detailed
information, and the effects of smoking
and other known confounders cannot be
precisely quantified.

Stdober and Abel (1996) argue, along
with Morgan et al. (1997) and some
commenters, that even in those
epidemiologic studies that are adjusted
for smoking and show a statistically
significant association, the magnitude of
relative or excess risk observed is too
small to demonstrate any causal link
between dpm exposure and cancer.
Their reasoning is that in these studies,
errors in the collection or interpretation
of smoking data can create a bias in the
results larger than any potential
contribution attributable to diesel
particulate. They propose that studies

40 Since these rates may vary by race, geographic
region, or other factors, the validity of this
adjustment depends heavily on choice of an
appropriate reference population. For example,
Waxweiler et al. (1973) based SMRs for a New
Mexico cohort on national lung cancer mortality
rates. Since the national age-adjusted rate of lung
cancer is about 1/3 higher than the New Mexico
rate, the reported SMRs were roughly 3/4 of what
they would have been if based on rates specific to
New Mexico.
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failing to account for smoking habits
should be disqualified from
consideration, and that evidence of an
association from the remaining,
smoking-adjusted studies should be
discounted because of potential
confounding due to erroneous,
incomplete, or otherwise inadequate
characterization of smoking histories.

It should be noted, first of all, that five
of the six negative studies neither
matched nor adjusted for smoking.4! But
more importantly, MSHA concurs with
IARC (1989), Cohen and Higgins (1995),
IPCS (1996), CAL-EPA (1998), ACGIH
(1998), Bhatia et al. (1998), and Lipsett
and Campleman (1999) in not accepting
the view that studies should
automatically be disqualified from
consideration because of potential
confounders. MSHA recognizes that
unknown exposures to tobacco smoke or
other human carcinogens can distort the
results of some lung cancer studies.
MSHA also recognizes, however, that it
is not possible to design a human
epidemiologic study that perfectly
controls for all potential confounders. It
is also important to note that a
confounding variable does not
necessarily inflate an observed
association. For example, if the exposed
members of a cohort smoke less than the
reference group to which they are
compared, then this will tend to reduce
the apparent effects of exposure on lung
cancer development. In the absence of
evidence to the contrary, it is reasonable
to assume that a confounder is equally
likely to inflate or to deflate the results.

As shown in Tables III-4 and III-5, 18
of the published epidemiologic studies
involving lung cancer did, in fact,
control or adjust for exposure to tobacco
smoke, and five of these 18 also
controlled or adjusted for exposure to
asbestos and other carcinogenic
substances (Garshick et al., 1987;
Boffetta et al., 1988; Steenland et al.,
1990; Morabia et al., 1992; Briiske-
Hohlfeld et al., 1999). These results are
less likely to be confounded than results
from most of the studies with no
adjustment. All but one of these 18
studies reported some degree of excess

41The exception is DeCoufle et al. (1977), a case-
control study that apparently did not match or
otherwise adjust for age.

risk associated with occupational
exposure to diesel particulate, with
statistically significant results reported
in eight.

In addition, several of the studies
with no smoking adjustment took the
first approach described above for
preventing or substantially mitigating
potential confounding by smoking
habits: they drew comparisons against
internal control groups or other control
groups likely to have similar smoking
habits as the exposed groups (e.g.,
Garshick et al., 1988; Gustavsson et al.,
1990; Hansen, 1993; and Saverin et al.,
1999). Therefore, MSHA places more
weight on these studies than on studies
drawing comparisons against dissimilar
groups with no smoking controls or
adjustments. This emphasis is in
accordance with the conclusion by
Bhatia et al. (1998) that smoking
homogeneity typically exists within
cohorts and is associated with a uniform
lifestyle and social class. Although it
was not yet available at the time Bhatia
et al. performed their analysis, an
analysis of smoking patterns by Séverin
et al. (op cit.) within the cohort they
studied also supports this conclusion.

IMC Global and MARG objected to
MSHA'’s position on potential
confounders and submitted comments
in general agreement with the views of
Morgan et al. (op cit.) and Stébel and
Abel (op cit.). Specifically, they
suggested that studies reporting relative
risks solely between 1.0 and 2.0 should
be discounted because of potential
confounders. Of the 41 positive studies
considered by MSHA, 22 fall into this
category (16 cohort and 6 case-control).
In support of their suggestion, IMC
Global quoted Speizer (1986), Muscat
and Wynder (1995), Lee (1989), WHO
(1980), and NCI (1994). These
authorities all urged great caution when
interpreting the results of such studies,
because of potential confounders.
MSHA agrees that none of these studies,
considered individually, is conclusive
and that each result must be considered
with due caution. None of the quoted
authorities, however, proposed that
such studies should automatically be
counted as “negative” or that they could
not add incrementally to an aggregate
body of positive evidence.

IMC Global also submitted the
following reference to two Federal Court
decisions pertaining to estimated
relative risks less than 2.0:

The Ninth Circuit concluded in Daubert v.
Merrell Dow Pharmaceuticals” that “for an
epidemiologic study to show causation * * *
the relative risk * * * arising from the
epidemiologic data will, at a minimum, have
to exceed 2.”” Similarly, a District Court
stated in Hall v. Baxter Healthcare Corp. 49:
The threshold for concluding that an agent
was more likely the cause of the disease than
not is relative risk greater than 2.0. Recall
that a relative risk of 1.0 means that the agent
has no affect on the incidence of disease.
When the relative risk reaches 2.0. the agent
is responsible for an equal number of cases
of disease as all other background causes.
Thus a relative risk of 2.0 implies a 50%
likelihood that an exposed individual’s
disease was caused by the agent. [IMC
Global]

In contrast with the two cases cited,
the purpose of this risk assessment is
not to establish civil liabilities for
personal injury. MSHA'’s concern is
with reducing the risk of lung cancer,
not with establishing the specific cause
of lung cancer for an individual miner.
The excess risk of an outcome, given an
excessive exposure, is not the same
thing as the likelihood that an excessive
exposure caused the outcome in a given
case. To understand the difference, it
may be helpful to consider two
analogies: (1) The likelihood that a
given death was caused by a lightning
strike is relatively low, yet exposure to
lightning is rather hazardous; (2) a
specific smoker may not be able to
prove that his or her lung cancer was
“more likely than not”” caused by radon
exposure, yet radon exposure
significantly increases the risk—
especially for smokers. Lung cancer has
a variety of alternative causes, but this
fact does not reduce the risk associated
with any one of them.

Furthermore, there is ample precedent
for utilizing epidemiologic studies
reporting relative risks less than 2.0 in
making clinical and public policy
decisions. For example, the following
table contains the RR for death from
cardiovascular disease associated with
cigarette smoking reported in several
prospective epidemiologic studies:

BILLING CODE 4510-43-P
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BILLING CODE 4510-43-C

Study on cigarette smoking Estimate of RR of death
from cardiovascular disease

British doctors 1.6
Males in 25 states

ages 45-64 2.08

ages 65-79 1.36
U.S. Veterans 1.74
Japanese study 1.96
Canadian veterans 1.6
Males in nine states 1.70
Swedish males 1.7
Swedish females 1.3
California occupations 2.0

Source: U.S. Department of Health and Human Services (1989)
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By IMC Global’s rule of thumb, all but
one or two of these studies would be
discounted as evidence of increased risk
attributable to smoking. These studies,
however, have not been widely
discounted by scientific authorities. To
the contrary, they have been
instrumental in establishing that
cigarette smoking is a principal cause of
heart disease.

A second example is provided by the
increased risk of lung cancer found to be
caused by residential exposure to radon
progeny. As in the case of dpm, tobacco
smoking has been an important
potential confounder in epidemiological
studies used to investigate whether
exposures to radon concentrations at
residential levels can cause lung cancer.
Yet, in the eight largest residential
epidemiological studies used to help
establish the reality of this now widely
accepted risk, the reported relative risks
were all less than 2.0. Based on a meta-
analysis of these eight studies, the
combined relative risk of lung cancer
attributable to residential radon
exposure was 1.14. This elevation in the
risk of lung cancer, though smaller than
that reported in most studies of dpm
effects, was found to be statistically
significant at a 95-percent confidence
level (National Research Council, 1999,
Table G—-25).

(ii) Studies Involving Miners. In the
proposed risk assessment, MSHA
identified seven epidemiologic studies
reporting an excess risk of lung cancer
among miners thought to have been
exposed occupationally to diesel
exhaust. As stated in the proposal, two
of these studies specifically investigated
miners, and the other five treated
miners as a subgroup within a larger
population of workers.42 MSHA placed

42In the proposed risk assessment, the studies
identified as specifically investigating miners were
Waxweiler et al. (1973) and Ahlman et al. (1991).
At the Albuquerque public hearing, Mr. Bruce
Watzman, representing the NMA, asked a member
of the MSHA panel (Mr. Jon Kogut) to list six
studies involving miners that he had cited earlier
in the hearing and to identify those that were
specific to miners. In both his response to Mr.
Watzman, and in his earlier remarks, Mr. Kogut
noted that the studies involving miners were listed
in Tables III-4 and I1I-5. However, he inadvertently
neglected to mention Ahlman et al. (op cit.) and
Morabia et al. (1992). (The latter study addressed
miners as a subgroup of a larger population.)

In his response to Mr. Watzman, Mr. Kogut cited
Swanson et al. (1993) but not Burns and Swanson
(1991), which he had mentioned earlier in the
hearing in connection with the same study. These
two reports are listed under a single entry in Table
III-5 (Swanson et al.) because they both report
findings based on the same body of data. Therefore,
MSHA considers them to be two parts of the same
study. The 5.03 odds ratio for mining machine
operators mentioned by Mr. Kogut during the
hearing was reported in Burns and Swanson (1991).

Only the six studies specified by Mr. Kogut in his
response to Mr. Watzman were included in separate

two additional studies specific to
exposed coal miners (Christie et al.,
1995; Johnston et al., 1997) into the
public record with its Feb. 12, 1999
Federal Register notice. Another
study,*? investigating lung cancer in
exposed potash miners, was introduced
by NIOSH at the Knoxville public
hearing on May 27, 1999 and later
published as Sdverin et al., 1999.
Finally, one study reporting an excess
risk of lung cancer for presumably
exposed miners was listed in Table III-
5 as originally published, and
considered by MSHA in its overall
assessment, but inadvertently left out of
the discussion on studies involving
miners in the previous version of this
risk assessment.44 There are, therefore,
available to MSHA a total of 11
epidemiologic studies addressing the
risk of lung cancer for miners, and five
of these studies are specific to miners.

Five cohort studies (Waxweiler et al.,
1973; Ahlman et al., 1991; Christie et
al., 1996; Johnston et al., 1997; Sdverin
et al., 1999) were performed specifically
on groups of miners, and one (Boffetta
et al., 1988) addressed miners as a
subgroup of a larger population. Except
for the study by Christie et al., the
cohort studies all showed elevated lung
cancer rates for miners in general or for
the most highly exposed miners within
a cohort. In addition, all five case-
control studies reported elevated rates
of lung cancer for miners (Benhamou et
al., 1988; Lerchen et al., 1987;
Siemiatycki et al., 1988; Morabia et al.,
1992; Burns and Swanson, 1991).

critiques by Dr. Peter Valberg and Dr. Jonathan
Borak later submitted by the NMA and by MARG,
respectively. Dr. Valberg did not address Burns and
Swanson (1991), and he addressed a different report
by Siemiatycki than the one listed in Table III-5
and cited during the hearing (i.e., Siemiatycki et al.,
1988). Neither Dr. Valberg nor Dr. Borak addressed
Ahlman et al. (op cit.) or Morabia et al. (op cit.).
Also excluded were two additional miner-specific
studies placed into the record on Feb. 12, 1999
(Fed. Reg. 64:29 at 59258). Mr. Kogut did not
include them in his response to Mr. Watzman, or

in his prior remarks, because he was referring only
to studies listed in Tables I1I-4 and III-5 of the
published proposals. Mr. Kogut also did not include
a study specific to German potash miners submitted
by NIOSH at a subsequent public hearing, and this
too was left out of both critiques. A published
version of the study (Saverin et al., 1999) was
placed into the record on June 30, 2000. All of the
studies involving miners are in the public record
and have been available for comment by interested
parties throughout the posthearing comment
periods.

43 Some commenters suggested that MSHA
“overlooked” a recently published study on NSW
miners, Brown et al., 1997. This study evaluated the
occurrence of forms of cancer other than lung
cancer in the same cohort studied by Christie et al.
(1995).

44 This study was published in two separate
reports on the same body of data: Burns and
Swanson (1991) and Swanson et al. (1993). Both
published reports are listed in Table III-5 under the
entry for Swanson et al.

Despite the risk assessment’s
emphasis on human studies, some
members of the mining community
apparently believed that the risk
assessment relied primarily on animal
studies and that this was because
studies on miners were unavailable.
Canyon Fuels, for example, expressed
concerns about relying on animal
studies instead of studies on western
diesel-exposed miners:

Since there are over a thousand miners
here in the West that have fifteen or more
years of exposure to diesel exhaust, why has
there been no study of the health status of
those miners? Why must we rely on animal
studies that are questionable and
inconclusive?

Actually, western miners were involved
in several studies of health effects other
than cancer, as described earlier in this
risk assessment. With respect to lung
cancer, there are many reasons why
workers from a particular group of
mines might not be selected for study.
Lung cancer often takes considerably
more than 15 years to develop, and a
valid study must allow not only for
adequate duration of exposure but also
for an adequate period of latency
following exposure. Furthermore, many
mines contain radioactive gases and/or
respirable silica dust, making it difficult
to isolate the effects of a potential
carcinogen.

Similarly, at the public hearing in
Albuquerque on May 13, 1999, a
representative of Getchell Gold stated
that he thought comparing miners to
rats was irrational and that “there has
not been a study on these miners as to
what the effects are.” To correct the
impression that MSHA was basing its
risk assessment primarily on laboratory
animal studies, an MSHA panelist
pointed out Tables III-4 and III-5 of the
proposed preamble and identified six
studies pertaining to miners that were
listed in those tables. However, he
placed no special weight on these
studies and cited them only to illustrate
the existence of epidemiologic studies
reporting an elevated risk of lung cancer
among miners.

With their post-hearing comments,
the NMA and MARG submitted
critiques by Dr. Peter Valberg and Dr.
Jonathan Borak of six reports involving
miners (see Footnote 42). Drs. Valberg
and Borak both noted that the six
studies reviewed lacked information on
diesel exposure and were vulnerable to
confounders and exposure
misclassification. For these reasons, Dr.
Valberg judged them ““particularly poor
in identifying what specific role, if any,
diesel exhaust plays in lung cancer for
miners.” He concluded that they do not
“implicate diesel exposure per se as
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strongly associated with lung cancer
risk in miners.”” Similarly, Dr. Borak
suggested that, since they do not relate
adverse health effects in miners to any
particular industrial exposure, ““the
strongest conclusion that can be drawn
from these six studies is that the miners
in the studies had an increased risk of
lung cancer.”

MSHA agrees with Drs. Valberg and
Borak that none of the studies they
reviewed provides direct evidence of a
link between dpm exposure and the
excess risk of lung cancer reported for
miners. (A few disagreements on details
of the individual studies will be
discussed below). As MSHA said at the
Albuquerque hearing, the lack of
exposure information on miners in these
studies led MSHA to rely more heavily
on associations reported for other
occupations. MSHA also noted the
limitations of these studies in the
proposed risk assessment. MSHA
explicitly stated that other
epidemiologic studies exist which,
though not pertaining specifically to
mining environments, contain better
diesel exposure information and are less
susceptible to confounding by
extraneous risk factors.

Inconclusive as they may be on their
own, however, even studies involving
miners with only presumed or sporadic
occupational diesel exposure can
contribute something to the weight of
evidence. They can do this by
corroborating evidence of increased
lung cancer risk for other occupations
with likely diesel exposures and by
providing results that are at least
consistent with an increased risk of lung
cancer among miners exposed to dpm.
Moreover, two newer studies pertaining
specifically to miners do contain dpm
exposure assessments based on
concurrent exposure measurements
(Johnston et al., op cit.; Sdverin et al.,
op cit.). The major limitations pointed
out by Drs. Valberg and Borak with
respect to other studies involving
miners do not apply to these two
studies.

Case-Control Studies

Five case-control studies, all of which
adjusted for smoking, found elevated
rates of lung cancer for miners, as
shown in Table III-5. The results for
miners in three of these studies
(Benhamou et al., 1988; Morabia et al.,
1992; Siemiatycki et al., 1988) are given
little weight, partly because of possible
confounding by occupational exposure
to radioactive gasses, asbestos, and
silica dust. Also, Benhamou and
Morabia did not verify occupational
diesel exposure status for the miners.
Siemiatycki performed a large number

of multiple comparisons and reported
that most of the miners “were exposed
to diesel exhaust for short periods of
time,” Lerchen et al. (1987) showed a
marginally significant result for
underground non-uranium miners, but
cases and controls were not matched on
date of birth or death, and the frequency
of diesel exposure and exposure to
known occupational carcinogens among
these miners was not reported.

Burns and Swanson (1991) 45 reported
elevated lung cancer risk for miners and
especially mining machine operators,
which the authors attributed to diesel
exposure. Potential confounding by
other carcinogens associated with
mining make the results inconclusive,
but the statistically significant odds
ratio of 5.0 reported for mining machine
operators is high enough to cause
concern with respect to diesel
exposures, especially in view of the
significantly elevated risks reported in
the same study for other diesel-exposed
occupations. The authors noted that the
“occupation most likely to have high
levels of continuous exposure to diesel
exhaust and to experience that exposure
in a confined area has the highest
elevated risks: mining machine
operators.”

Cohort Studies

As shown in Table III-4, MSHA
identified six cohort studies reporting
results for miners likely to have been
exposed to dpm. An elevated risk of
lung cancer was reported in five of these
six studies. These results will be
discussed chronologically.

Waxweiller (1973) investigated a
cohort of underground and surface
potash miners. The authors noted that
potash ore “is not embedded in
siliceous rock” and that the “radon level
in the air of potash mines is not
significantly higher than in ambient
air.” Contrary to Dr. Valberg’s review of
this study, the number of lung cancer
cases was reported to be slightly higher
than expected, for both underground
and surface miners, based on lung
cancer rates in the general U.S.
population (after adjustment for age,
sex, race, and date of death). Although
the excess was not statistically
significant, the authors noted that lung
cancer rates in the general population of
New Mexico were about 25 percent
lower than in the general U.S.
population. They also noted that a
higher than average percentage of the
miners smoked and that this would
“tend to counterbalance” the

45 This report is listed in Table III-5 under
Swanson et al. (1993), which provides further
analysis of the same body of data.

adjustment needed for geographic
location. The authors did not, however,
consider two other factors that would
tend to obscure or deflate an excess risk
of lung cancer, if it existed: (1) a healthy
worker effect and (2) the absence of any
occupational diesel exposure for a
substantial percentage of the
underground miners.

MSHA agrees with Dr. Valberg’s
conclusion that “low statistical power
and indeterminate diesel-exhaust
exposure render this study inadequate
for assessing the effect of diesel exhaust
on lung-cancer risk in miners.”
However, given the lack of any
adjustment for a healthy worker effect,
and the likelihood that many of the
underground miners were
occupationally unexposed, MSHA
views the slightly elevated risk reported
in this study as consistent with other
studies showing significantly greater
increases in risk for exposed workers.

Boffetta et al. (1988) investigated
mortality in a cohort of male volunteers
who enrolled in a prospective study
conducted by the American Cancer
Society. Lung cancer mortality was
analyzed in relation to self-reported
diesel exhaust exposure and to
employment in various occupations
identified with diesel exhaust exposure,
including mining. After adjusting for
smoking patterns,6 there was a
statistically significant excess of 167
percent (RR = 2.67) in lung cancers
among 2034 workers ever employed as
miners, compared to workers never
employed in occupations associated
with diesel exposure. No analysis by
type of mining was reported. Other
findings reported from this study are
discussed in the next subsection.

Although an adjustment was made for
smoking patterns, the relative risk
reported for mining did not control for
exposures to radioactive gasses, silica
dust, and asbestos. These lung
carcinogens are probably present to a
greater extent in mining environments
than in most of the occupational
environments used for comparison. Self-
reported exposures to asbestos and
stone dusts were taken into account in
other parts of the study, but not in the
calculation of excess lung cancer risks
associated with specific occupations,
including mining.

46 During the public hearing on May 25, 1999, Mr.
Mark Kaszniak of IMC Global incorrectly asserted
that “smoking was treated in a simplistic way in
this study by using three categories: smokers, ex-
smokers, and non-smokers.” The study actually
used five categories, dividing smokers into separate
categories for 1-20 cigarettes per day, 21 or more
cigarettes per day, and exclusively pipe and/or cigar
smoking.
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Several commenters reiterated two
caveats expressed by the study’s authors
and noted in Table III-4. These are (1)
that the study is susceptible to selection
biases because participants volunteered
and because the age-adjusted mortality
rates differed between those who
provided exposure information and
those who did not; and (2) that all
exposure information was self-reported
with no quantitative measurements.
Since these caveats are not specific to
mining and pertain to most of the
study’s findings, they will be addressed
when this study’s overall results are
described in the next subsection.

One commenter, however, (Mr. Mark
Kaszniak of IMC Global) argued that
selection bias due to unknown diesel
exposure status played an especially
important role in the RR calculated for
miners. About 21 percent of all
participants provided no diesel
exposure information. Mr. Kaszniak
noted that diesel exposure status was
unknown for an even larger percentage
of miners and suggested that the RR
calculated for miners was, therefore,
inflated. He presented the following
argument:

In the miner category, this [unknown
diesel exposure status] accounted for 44.2%
of the study participants, higher than any
other occupation studied. This is important
as this group experienced a higher mortality
for all causes as well as lung cancer than the
analyzed remainder of the cohort. If these
persons had been included in the “no
exposure to diesel exhaust group,” their
inclusion would have lowered any risk
estimates from diesel exposure because of
their higher lung cancer rates. [IMC Global
post-hearing comments]

This argument, which was endorsed
by MARG, was apparently based on a
misunderstanding of how the
comparison groups used to generate the
RR for mining were defined.4? Actually,

47 During the public hearing on May 25, 1999, Mr.
Kaszniak stated his belief that, for miners, the
“relative risk calculation excluded that 44% of folks
who did not respond to the questionnaire with
regards to diesel exposure.” Contrary to Mr.
Kaszniak’s belief, however, the “miners” on which
the 2.67 RR was based included all 2034 cohort
members who had ever been a miner, regardless of
whether they had provided diesel exposure
information (see Boffetta et al., 1988, p. 409).

Furthermore, the 44.2-percent nonrespondent
figure is not pertinent to potential selection bias in
the RR calculation reported for miners. The group
of 2034 “sometime” miners used in that calculation
was 65 percent larger than the group of 1233
“mainly” miners to which the 44-percent
nonrespondent rate applies. The reference group
used for comparison in the calculation consisted of
all cohort members “with occupation different from
those listed [i.e., railroad workers, truck drivers,
heavy equipment operators, and miners] and not
exposed [to diesel exhaust].” The overall
nonrespondent rate for occupations in the reference
group was about 21 percent (calculated by MSHA
from Table VII of Boffetta et al., 1988).

persons with unknown diesel exposure
status were included among the miners,
but excluded from the reference
population. Including sometime miners
with unknown diesel exposure status in
the “miners” category would tend to
mask or reduce any strong association
that might exist between highly exposed
miners and an increased risk of lung
cancer. Excluding persons with
unknown exposure status from the
reference population had an opposing
effect, since they happened to
experience a higher rate of lung cancer
than cohort members who said they
were unexposed. Therefore, removing
“unknowns” from the ‘“miner” group
and adding them to the reference group
could conceivably shift the calculated
RR for miners in either direction.
However, the RR reported for persons
with unknown diesel exposure status,
compared to unexposed persons, was
1.4 (ibid., p. 412)—which is smaller
than the 2.67 reported for miners.
Therefore, it appears more likely that
the RR for mining was deflated than
inflated on account of persons with
unknown exposure status.

Although confounders and selection
effects may have contributed to the 2.67
RR reported for mining, MSHA believes
this result was high enough to support
a dpm effect, especially since elevated
lung cancer rates were also reported for
the three other occupations associated
with diesel exhaust exposure. Dr. Borak
stated without justification that “[the]
association between dpm and lung
cancer was confounded by age,
smoking, and other occupational
exposures * * *.”’ He ignored the well-
documented adjustments for age and
smoking. Although it does not provide
strong or direct evidence that dpm
exposure was responsible for any of the
increased risk of lung cancer observed
among miners, the RR for miners is
consistent with evidence provided by
the rest of the study results.

Ahlman et al. (1991) studied cohorts
of 597 surface miners and 338 surface
workers employed at two sulfide ore
mines using diesel powered front-end
loaders and haulage equipment. Both of
these mines (one copper and one zinc)
were regularly monitored for alpha
energy concentrations (i.e., due to radon
progeny), which were at or below the
Finish limit of 0.3 WL throughout the
study period. The ore in both mines
contained arsenic only as a trace
element (less than 0.005 percent). Lung
cancer rates in the two cohorts were
compared to rates for males in the same
province of Finland. Age-adjusted
excess mortality was reported for both
lung cancer and cardiovascular disease
among the underground miners, but not

among the surface workers. None of the
underground miners who developed
lung cancer had been occupationally
exposed to asbestos, metal work, paper
pulp, or organic dusts. Based on the
alpha energy concentration
measurements made for the two mines,
the authors calculated that not all of the
excess lung cancer for the underground
miners was attributable to radon
exposure. Based on a questionnaire, the
authors found similar underground and
surface age-specific smoking habits and
alcohol consumption and determined
that “smoking alone cannot explain the
difference in lung cancer mortality
between the [underground] miners and
surface workers.” Due to the small size
of the cohort, the excess lung cancer
mortality for the underground miners
was not statistically significant.
However, the authors concluded that
the portion of excess lung cancer not
attributable to radon exposure could be
explained by the combined effects of
diesel exhaust and silica exposure.
Three of the ten lung cancers reported
for underground miners were
experienced by conductors of diesel-
powered ore trains.

Christie et al. (1994, 1995) studied
mortality in a cohort of 23,630 male
Australian (New South Wales, NSW)
coal mine workers who entered the
industry after 1972. Although the
majority of these workers were
underground miners, most of whom
were presumably exposed to diesel
emissions, the cohort included office
workers and surface (“open cut”)
miners. The cohort was followed up
through 1992. After adjusting for age,
death rates were lower than those in the
general male population for all major
causes except accidents. This included
the mortality rate for all cancers as a
group (Christie et al., 1995, Table 1).
Lower-than-normal incidence rates were
also reported for cancers as a group and
for lung cancer specifically (Christie et
al., 1994, Table 10).

The investigators noted that the
workers included in the cohort were all
subject to pre-employment physical
examinations. They concluded that ““it
is likely that the well known ‘healthy
worker’ effect * * * was operating” and
that, instead of comparing to a general
population, “‘a more appropriate
comparison group is Australian
petroleum industry workers.” (Christie
et al., 1995) In contrast to the
comparison with the population of
NSW, the all-cause standardized
mortality ratio (SMR) for the cohort of
coal miners was greater than for
petroleum workers by a factor of over 20
percent—i.e., 0.76 vs. 0.63 (ibid., p. 20).
However, the investigators did not
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compare the cohort to petroleum
workers specifically with respect to lung
cancer or other causes of death. Nor did
they adjust for a healthy worker effect
or make any attempt to compare
mortality or lung cancer rates among
workers with varying degrees of diesel
exposure within the cohort.

Despite the elevated SMR relative to
petroleum workers, several commenters
cited this study as evidence that
exposure to diesel emissions was not
causally associated with an increased
risk of lung cancer (or with adverse
health effects associated with fine
particulates). These commenters
apparently ignored the investigators’
explanation that the low SMRs they
reported were likely due to a healthy
worker effect. Furthermore, since the
cohort exhibited lower-than-normal
mortality rates due to heart disease and
non-cancerous respiratory disease, as
well as to cancer, there may well have
been less tobacco smoking in the cohort
than in the general population.
Therefore, it is reasonably likely that the
age-adjusted lung cancer rate would
have been elevated, if it had been
adjusted for smoking and for a healthy
worker effect based on mortality from
causes other than accidents or
respiratory disease. In addition, the
cohort SMR for accidents (other than
motor vehicle accidents) was
significantly above that of the general
population. Since the coal miners
experienced an elevated rate of
accidental death, they had a lower-than-
normal chance to die from other causes
or to develop lung cancer. The
investigators made no attempt to adjust
for the competing, elevated risk of death
due to occupational accidents.

Given the lack of any adjustment for
smoking, healthy worker effect, or the
competing risk of accidental death, the
utility of this study in evaluating health
consequences of Dpm exposure is
severely limited by its lack of any
internal comparisons or comparisons to
a comparable group of unexposed
workers. Furthermore, even if such
adjustments or comparisons were made,
several other attributes of this study
limit its usefulness for evaluating
whether exposure to diesel emissions is
associated with an increased risk of lung
cancer. First, the study was designed in
such a way as to allow inadequate
latency for a substantial portion of the
cohort. Although the cohort was
followed up only through 1992, it
includes workers who entered the
workforce at the end of 1992. Therefore,
there is no minimum duration of
occupational exposure for members of
the cohort. Approximately 30 percent of
the cohort was employed in the industry

for less than 10 years, and the maximum
duration of employment and latency
combined was 20 years. Second, average
age for members of the cohort was only
40 to 50 years (Christie et al., p. 7), and
the rate of lung cancer was based on
only 29 cases. The investigators
acknowledged that ““it is a relatively
young cohort” and that ““‘this means a
small number of cancers available for
analysis, because cancer is more
common with advancing age * * *.”
They further noted that “* * * the
number of cancers available for analysis
is increasing very rapidly. As a
consequence, every year that passes
makes the cancer experience of the
cohort more meaningful in statistical
terms.” (ibid., p. 27) Third, miners’s
work history was not tracked in detail,
beyond identifying the first mine in
which a worker was employed. Some of
these workers may have been employed,
for various lengths of time, in both
underground and surface operations at
very different levels of diesel exposure.
Without detailed work histories, it is not
possible to construct even semi-
quantitative measures of diesel exposure
for making internal comparisons within
the cohort.

One commenter (MARG) claimed that
this (NSW) study “* * * reflects the
latest and best scientific evidence,
current technology, and the current
health of miners” and that it ““is not
rational to predicate regulations for the
year 2000 and beyond upon older
scientific studies * * *.” For the
reasons stated above, MSHA believes, to
the contrary, that the NSW study
contributes little or no information on
the potential health effects of long-term
dpm exposures and that whatever
information it does contribute does not
extend to effects, such as cancer,
expected in later life.

Furthermore, three even more recent
studies are available that MSHA regards
as far more informative for the purposes
of the present risk assessment. Unlike
the NSW study, these directly address
dpm exposure and the risk of lung
cancer. Two of these studies (Johnston
et al., 1997; Saverin et al., 1999), both
incorporating a quantitative dpm
exposure assessment, were carried out
specifically on mining cohorts and will
be discussed next. The third (Briiske-
Hohlfeld et al., 1999) is a case-control
study not restricted to miners and will
be discussed in the following
subsection. In accordance with MARG’s
emphasis on the timeliness of scientific
studies, MSHA places considerable
weight on the fact that all three—the
most recent epidemiologic studies
available—reported an association

between diesel exposure and an
increased risk of lung cancer.

Johnston et al. (1997) studied a cohort
of 18,166 coal miners employed in ten
British coal mines over a 30-year period.
Six of these coal mines used diesel
locomotives, and the other four were
used for comparison. Historical NOx
and respirable dust concentration
measurements were available, having
routinely been collected for monitoring
purposes. Two separate approaches
were taken to estimate dpm exposures,
leading to two different sets of
estimates. The first approach was based
on NOx measurements, combined with
estimated ratios between dpm and NOx.
The second approach was based on
complex calculations involving
measurements of total respirable dust,
ash content, and the ratio of quartz to
dust for diesel locomotive drivers
compared to the ratio for face workers
(ibid., Figure 4.1 and pp. 25—46). These
calculations were used to estimate dpm
exposure concentrations for the drivers,
and the estimates were then combined
with traveling times and dispersion
rates to form estimates of dpm
concentration levels for other
occupational groups. In four of the six
dieselized mines, the NOx-based and
dust-based estimates of dpm were in
generally good agreement, and they
were combined to form time-
independent estimates of shift average
dpm concentration for individual seams
and occupational groups within each
mine. In the fifth mine, the PFR
measurements were judged unreliable
for reasons extensively discussed in the
report, so the NOx-based estimates were
used. There was no NOx exposure data
for the sixth mine, so they used dust-
based estimates of dpm exposure.

Final estimates of shift-average dpm
concentrations ranged from 44 pug/ms3 to
370 ug/m?3 for locomotive drivers and
from 1.6 ug/ms3 to 40 pug/m3 for non-
drivers at various mines and work
locations (ibid., Tables 8.3 and 8.6,
respectively). These were combined
with detailed work histories, obtained
from employment records, to provide an
individual estimate of cumulative dpm
exposure for each miner in the cohort.
Although most cohort members
(including non-drivers) had estimated
cumulative exposures less than 1 g-hr/
m3, some members had cumulative
exposures that ranged as high as 11.6 g-
hr/m3 (ibid., Figure 9.1 and Table 9.1).

A statistical analysis (time-dependent
proportional hazards regression) was
performed to examine the relationship
between lung cancer risk and each
miner’s estimated cumulative dpm
exposure (unlagged and lagged by 15
years), attained age, smoking habit,
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mine, and cohort entry date. Smoking
habit was represented by non-smoker,
ex-smoker, and smoker categories, along
with the average number of cigarettes
smoked per day for the smokers. Pipe
tobacco consumption was expressed by
an equivalent number of cigarettes per
day.

In their written comments, MARG and
the NMA both mischaracterized the
results of this study, apparently
confusing it with a preliminary analysis
of the same cohort. The preliminary
analysis (one part of what Johnston et al.
refer to as the “wider mortality study”)
was summarized in Section 1.2 (pp. 3—
5) of the 105-page report at issue, which
may account for the confusion by
MARG and the NMA .48

Contrary to the MARG and NMA
characterization, Johnston et al. found a
positive, quantitative relationship
between cumulative dpm exposure
(lagged by 15 years) and an excess risk
of lung cancer, after controlling for age,
smoking habit, and cohort entry date.
For each incremental g-hr/m3 of
cumulative occupational dpm exposure,
the relative risk of lung cancer was
estimated to increase by a factor of 22.7
percent. Adjusting for mine-to-mine
differences that may account for a
portion of the elevated risk reduced the
estimated RR factor to 15.6 percent.
Therefore, with the mine-specific
adjustment, the estimated RR was 1.156
per g-hr/m?3 of cumulative dpm
exposure. It follows that, based on the
mine-adjusted model, the estimated RR
for a specified cumulative exposure is
1.156 raised to a power equal to that
exposure. For example, RR = (1.156)3-84
= 1.74 for a cumulative dpm exposure
of 3.84 g-hr/m3, and RR = (1.156)7:68 =
3.04 for a cumulative dpm exposure of
7.68 g-hr/m3.49 Estimates of RR based on
the mine-unadjusted model would
substitute 1.227 for 1.156 in these
calculations.

Two limitations of this study weaken
the evidence it presents of an increasing

48 Since MARG and the NMA both stressed the
importance of a quantitative exposure assessment,
it is puzzling that they focused on a crude SMR
from the preliminary analysis and ignored the
quantitative results from the subsequent analysis.
Johnston et al. noted that SMRs from the
preliminary analysis were consistent “with other
studies of occupational cohorts where a healthy
worker effect is apparent.” But even the preliminary
analysis explored a possible surrogate exposure-
response relationship, rather than simply relying on
SMRs. Unlike the analysis by Johnston et al., the
preliminary analysis used travel time as a surrogate
measure of dpm exposure and made no attempt to
further quantify dpm exposure concentrations.
(ibid., p. 5)

49 Assuming an average dpm concentration of 200
pg/m3 and 1920 work hours per year, 3.84 g-hr/m3
and 7.68 g-hr/m3 correspond to 10 and 20 years of
occupational exposure, respectively.

exposure-response relationship. First,
although the exposure assessment is
quantitative and carefully done, it is
indirect and depends heavily on
assumptions linking surrogate
measurements to dpm exposure levels.
The authors, however, analyzed sources
of inaccuracy in the exposure
assessment and concluded that “the
similarity between the estimated * * *
[dpm] exposure concentrations derived
by the two different methods give some
degree of confidence in the accuracy of
the final values * * *.” (ibid., pp.71-
75) Second, the highest estimated
cumulative dpm exposures were
clustered at a single coal mine, where
the SMR was elevated relative to the
regional norm. Therefore, as the authors
pointed out, this one mine greatly
influences the results and is a possible
confounder in the study. The
investigators also noted that this mine
was “* * * found to have generally the
higher exposures to respirable quartz
and low level radiation.” Nevertheless,
MSHA regards it likely that the
relatively high dpm exposures at this
mine were responsible for at least some
of the excess mortality. There is no
apparent way, however, to ascertain just
how much of the excess mortality
(including lung cancer) at this coal mine
should be attributed to high
occupational dpm exposures and how
much to confounding factors
distinguishing it (and the employees
working there) from other mines in the
study.

The RR estimates based on the mine-
unadjusted model assume that the
excess lung cancer observed in the
cohort is entirely attributable to dpm
exposures, smoking habits, and age
distribution. If some of the excess lung
cancer is attributed to other differences
between mines, then the dpm effect is
estimated by the lower RR based on the
mine-adjusted model.

For purposes of comparison with the
findings of Séverin et al. (1999), it will
be useful to calculate the RR for a
cumulative dpm exposure of 11.7 g-hr/
m?3 (i.e., the approximate equivalent of
4.9 mg-yr/m3 TC).5° At this exposure
level, the mine-unadjusted model

50 This value represents 20 years of cumulative
exposure for the most highly exposed category of
workers in the cohort studied by Saverin et al.

As explained elsewhere in this preamble, TC
constitutes approximately 80 percent of total dpm.
Therefore, the TC value of 4.9 mg-yr/m3 presented
by Séverin et al. must first be divided by 0.8 to
produce a corresponding dpm value of 6.12 mg-yr/
m3. To convert this result to the units used by
Johnston et al., it is then multiplied by 1920 work
hours per year and divided by 1000 mg/g to yield
11.7 g-hr/m3. This is nearly identical to the
maximum cumulative dpm exposure estimated for
locomotive drivers in the study by Johnston et al.
(See Johnston et al., op cit., Table 9.1.)

produces an estimated RR = (1.227)11.7
= 11, and the mine-adjusted model
produces an estimated RR = (1.156)11-7
=5.5.

Séaverin et al. (1999) studied a cohort
of male potash miners in Germany who
had worked underground for at least
one year after 1969, when the mines
involved began converting to diesel
powered vehicles and loading
equipment. Members of the cohort were
selected based on company medical
records, which also provided bi-annual
information on work location for each
miner and, routinely after 1982, the
miner’s smoking habits. After excluding
miners whose workplace histories could
not be reconstructed from the medical
records (5.5 percent) and miners lost to
follow-up (1.9 percent), 5,536 miners
remained in the cohort. Within this full
cohort, the authors defined a sub-cohort
consisting of 3,258 miners who had
“worked underground for at least ten
years, held one single job during at least
80% of their underground time, and
held not more than three underground
jobs in total.”

The authors divided workplaces into
high, medium, and low diesel exposure
categories, respectively corresponding
to production, maintenance, and
workshop areas of the mine. Each of
these three categories was assigned a
representative respirable TC
concentration, based on an average of
measurements made in 1992. These
averages were 390 pug/m3 for production,
230 pg/m?3 for maintenance, and 120 pg/
m3 for workshop. Some commenters
expressed concern about using average
exposures from 1992 to represent
exposure throughout the study. The
authors justified using these
measurement averages to represent
exposure levels throughout the study
period because “the mining technology
and the type of machinery used did not
change substantially after 1970.” This
assumption was based on interviews
with local engineers and industrial
hygienists.

Thirty-one percent of the cohort
consented to be interviewed, and
information from these interviews was
used to validate the work history and
smoking data reconstructed from the
medical records. The TC concentration
assigned to each work location was
combined with each miner’s individual
work history to form an estimate of
cumulative exposure for each member
of the cohort. Mean duration of
exposure was 15 years. As of the end of
follow-up in 1994, average age was 49
years, average time since first exposure
was 19 years, and average cumulative
exposure was 2.70 mg-y/m3.
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The authors performed an analysis
(within each TC exposure category) of
smoking patterns compared with
cumulative TC exposure. They also
analyzed smoking misclassification as
estimated by comparing information
from the interviews with medical
records. From these analyses, the
authors determined that the cohort was
homogeneous with respect to smoking
and that a smoking adjustment was
neither necessary nor desirable for
internal comparisons. However, they
did not entirely rule out the possibility
that smoking effects may have biased
the results to some extent. On the other
hand, the authors concluded that
asbestos exposure was minor and
restricted to jobs in the workshop
category, with negligible effects. The
miners were not occupationally exposed

to radon progeny, as documented by
routine measurement records.

As compared to the general male
population of East Germany, the cohort
SMR for all causes combined was less
than 0.6 at a 95-percent confidence
level. The authors interpreted this as
demonstrating a healthy worker effect,
noting that “underground workers are
heavily selected for health and
sturdiness, making any surface control
group incomparable.” Accordingly, they
performed internal comparisons within
the cohort of underground miners. The
RR reported for lung cancer among
miners in the high-exposure production
category, compared to those in the low-
exposure workshop category, was 2.17.
The corresponding RR was not elevated
for other cancers or for diseases of the
circulatory system.

Two statistical methods were used to
investigate the relationship between
lung cancer RR and each miner’s age
and cumulative TC exposure: Poisson
regression and time-dependent
proportional hazards regression. These
two statistical methods were applied to
both the full cohort and the subcohort,
yielding four different estimates
characterizing the exposure-response
relationship. Although a high
confidence level was not achieved, all
four of these results indicated that the
RR increased with increasing
cumulative TC exposure. For each
incremental mg-yr/m3 of occupational
TC exposure, the relative risk of lung
cancer was estimated to increase by the
following multiplicative factor: 51

RR per mg-yr/m3

Method
Full cohort Subcohort
Poisson .....ccccceeveiiinnens 1.030 1.139
Proportional Hazards 1.112 1.225

Based on these estimates, the RR for a
specified cumulative TC exposure (X)
can be calculated by raising the tabled
value to a power equal to X. For
example, using the proportional hazards

analysis of the subcohort, the RR for X
= 3.5 mg-yr/m3 is (1.225) 35 = 2.03.52
The authors calculated the RR
expected for a cumulative TC exposure
of 4.9 mg-yr/m3, which corresponds to
20 years of occupational exposure for

miners in the production category of the
cohort. These miners were exposed for
five hours per 8-hour shift at an average
TC concentration of 390 ug/m.3 The
resulting RR values were reported as
follows:

RR for 4.9 mg-yr/m3

Method
Full cohort Subcohort
Poisson ......cccceeveiinnens 1.16 1.89
Proportional Hazards 1.68 2.70

This study has two important
limitations that weaken the evidence it
presents of a positive correlation
between cumulative TC exposure and
the risk of lung cancer. These are (1)
potential confounding due to tobacco
smoking and (2) a significant probability
(i.e., greater than 10 percent) that a
correlation of the magnitude found
could have arisen simply by chance,
given that it were based on a relatively
small number of lung cancer cases.

Although data on smoking habits
were compiled from medical records for
approximately 80 percent of the cohort,
these data were not incorporated into
the statistical regression models. The
authors justified their exclusion of
smoking from these models by showing
that the likelihood of smoking was

51MSHA determined these values by calculating
the antilog, to the base e, of each corresponding
estimate of o reported by Saverin et al. (op cit.) in
their Tables IIT and IV. The cumulative exposure

essentially unrelated to the cumulative
TC exposure for cohort members. Based
on the portion of the cohort that was
interviewed, they also determined that
the average number of cigarettes smoked
per day was the same for smokers in the
high and low TC exposure categories
(production and workshop,
respectively). However, these same
interviews led them to question the
accuracy of the smoking data that had
been compiled from medical records.
Despite the cohort’s apparent
homogeneity with respect to smoking,
the authors noted that smoking was
potentially such a strong confounder
that “even small inaccuracies in
smoking data could cause effects
comparable in size to the weak
carcinogenic effect of diesel exhaust.”

unit of mg-yr/m?3 refers to the average TC
concentration experienced over a year’s worth of 8-
hour shifts.

Therefore, they excluded the smoking
data from the analysis and stated they
could not entirely rule out the
possibility of a smoking bias. MSHA
agrees with the authors of this report
and the HEI Expert Panel (op cit.) that
even a high degree of cohort
homogeneity does not rule out the
possibility of a spurious correlation due
to residual smoking effects.
Nevertheless, because of the cohort’s
homogeneity, the authors concluded
that “the results are unlikely to be
substantially biased by confounding,”
and MSHA accepts this conclusion.

The second limitation of this study is
related to the fact that the results are
based on a total of only 38 cases of lung
cancer for the full cohort and 21 cases
for the subcohort. In their description of

52This is the estimated risk relative not to miners
in the workshop category but to a theoretical age-
adjusted baseline risk for cohort members
accumulating zero occupational TC exposure.
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this study at the May 27, 1999, public
hearing, NIOSH noted that the ‘“lack of
[statistical] significance may be a result
of the study having a small cohort
(approximately 5,500 workers), a
limited time from first exposure
(average of 19 years), and a young
population (average age of 49 years at
the end of follow-up).” More cases of
lung cancer may be expected to occur
within the cohort as its members grow
older. The authors of the study
addressed statistical significance as
follows:

* * * the small number of lung cancer
cases produced wide confidence intervals for
all measures of effect and substantially
limited the study power. We intend to extend
the follow-up period in order to improve the

statistical precision of the exposure-response
relationship. [Séverin et al., op cit.]

Some commenters stated that due to
these limitations, data from the Sdverin
et al. study should not be the basis of
this rule. On the other hand, NIOSH
commented that “[d]espite the
limitations discussed * * * the findings
from the Sdverin et al. (1999) study
should be used as an alternative source
of data for quantifying the possible lung
cancer risks associated with Dpm
exposures.” As stated earlier, MSHA is
not relying on any single study but,
instead, basing its evaluation on the
weight of evidence from all available
data.

(iii) Best Available Epidemiologic
Evidence. Based on the evaluation
criteria described earlier, and after

considering all the public comment that
was submitted, MSHA has identified
four cohort studies (including two from
U.S.) and four case-control studies
(including three from U.S.) that provide
the best currently available
epidemiologic evidence relating dpm
exposure to an increased risk of lung
cancer. Three of the 11 studies
involving miners fall into this select
group. MSHA considers the statistical
significance of the combined evidence
far more important than confidence
levels for individual studies. Therefore,
in choosing the eight most informative
studies, MSHA placed less weight on
statistical significance than on the other
criteria. The basis for MSHA'’s selection
of these eight studies is summarized as
follows:

Statistical Sig-
nificance (at
95% Conf.)

Study

Comparison groups

Exposure assessment

Controls on potential confounding

Boffetta et al. 1988 (co- | Yes .....ccecveneee.
hort).

Boffetta et al. 1990 N\ o TR
(case-control).

Briske-Hohlfeld et al. Yes .o
1999 (case-control).

Garshick et al. 1987 Yes .o
(case-control).

Garshick et al. 1988, Yes cooeiiiiens

1991 (cohort).

Johnston et al. 1997
(cohort).

Saverin et al. 1999 (co- | No
hort).

Steenland et al. 1990,
1992, 1998 (case-
control).

Internal Comparison .....

Matched within hospital
on smoking, age,
year of interview.

Matched on sex, age,
and region of resi-
dence of residence.

Matched within cohort
on dates of birth and
death.

Internal Comparison .....

Internal Comparison .....

Internal Comparison .....

Matached within cohort
on date of death
within 2 years.

sure.

sure.

job history.

for each job.

for each job.

employment records.

urements.

Job history and self-reported dura-
tion of occupational diesel expo-

Job history and self-reported dura-
tion of occupational diesel expo-

Total duration of occupational die-
sel exposure based on detailed

Semi-quantitative, based on job his-
tory and tenure combined with
exposure status established later

Semi-quantitative, based on job his-
tory and tenure combined with
exposure status established later

Quantitative, based on surrogate
exposure measurements and de-
tailed employment records.

Quantitative, based on TC expo-
sure measurements and detailed

Semi-quantitative, based on job his-
tory and subsequent EC meas-

Adjustments for age, smoking, and,
in some analyses, for occupa-
tional exposures to asbestos,
coal & stone dusts, coal tar &
pitch, and gasoline exhaust.

Adjustments for age, smoking habit
and intensity, asbestos exposure,
race, and education.

Adjustments for current and past
smoking patterns, cumulative
amount smoked (packyears), and
asbestos exposure.

Adjustments for lifetime smoking
and asbestos exposure.

Subjects with likely or possible as-
bestos exposure excluded from
cohort. Cigarette smoking deter-
mined to be uncorrelated with
diesel exposure within cohort.

Adjustments for age, smoking habit
& intensity, mine site, and cohort

entry date.
Adjustment for age. Cigarette
smoking determined to be

uncorrelated with cumulative TC
exposure within cohort.

Adjustments for age, smoking, and
asbestos exposure. Dietary co-
variates were tested and found
not to confound the analysis.

Six entirely negative studies were
identified earlier in this risk assessment.
Several commenters objected to MSHA’s
treatment of the negative studies,
indicating that they had been
discounted without sufficient

justification. To put this in proper
perspective, the six negative studies
should be compared to those MSHA has
identified as the best available
epidemiologic evidence, with respect to
the same evaluation criteria. (It should

be noted that the statistical significance
of a negative study is best represented
by its power.) In accordance with those
criteria, MSHA discounts the
evidentiary significance of these six
studies for the following reasons:

Study Power

Comparison groups

Exposure assessment

Controls on potential con-
founding

Bender et al. 1989 (cohort)
(N=4849).

Relative small cohort

External comparison; No
adjustment for healthy
worker effect.

Job only: highway mainte-
nance workers.

Disparate comparison
groups with no smoking
adjustment.
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Study

Power

Comparison groups

Exposure assessment

Controls on potential con-
founding

Christie et al. 1996 (cohort)

DeCoufle et al. 1977
(case-control).

Edling et al. 1987 (cohort)

Kaplan 1959 (cohort) .........

Waller 1981 (cohort) ..........

Inadequate latency allow-
ance.

Inadequate latency allow-
ance.

Small cohort (N=694) ........

Inadequate latency allow-
ance.

Acceptable

External comparison; No
adjustment for healthy
worker effect.

Cases not matched with
controls.

External comparison; No
adjustment for healthy
worker effect.

External comparison; No
adjustment for healthy
worker effect.

External comparison; No

Industry only: combined all
underground and sur-
face workers at coal
mines.

Job only: (1) Combined
bus, taxi, and truck driv-
ers; (2) locomotive engi-
neers.

Job only: bus workers .......

Jobs classified by diesel
exposure. No attempt to
differentiate between
diesel and coal-fired lo-
comotives.

Job only: bus workers

Disparate comparison
groups with no smoking
adjustment.

Age differences not taken
into account.

Disparate comparison
groups with no smoking
adjustment.

Disparate comparison
groups with no smoking
adjustment.

Disparate coparison

adjustment for healthy
worker effect; Selection
bias due to excluding re-
tirees from cohort.

groups with no smoking
adjustment.

Other studies proposed as counter-
evidence by some commenters will be
addressed in the next subsection of this
risk assessment.

The eight studies MSHA identified as
representing the best available
epidemiologic evidence all reported an
elevated risk of lung cancer associated
with diesel exposure. The results from
these studies will now be reviewed,
along with MSHA'’s response to public
comments as appropriate.

Boffetta et al., 1988

The structure of this cohort study was
summarized in the preceding subsection
of this risk assessment. The following
table contains the main results. The
relative risks listed for duration of
exposure were calculated with reference
to all members of the cohort reporting
no diesel exposure, regardless of
occupation, and adjusted for age,
smoking pattern, and other occupational
exposures (asbestos, coal and stone
dusts, coal tar and pitch, and gasoline
exhausts). The relative risks listed for
occupations were calculated for cohort
members that ever worked in the
occupation, compared to cohort
members never working in any of the
four occupations listed and reporting no
diesel exposure. These four relative
risks were adjusted for age and smoking
pattern only. Smoking pattern was
coded by 5 categories: never smoker;
current 1-20 cigarettes per day; current
21 or more cigarettes per day; ex-smoker
of cigarettes; current or past pipe and/
or cigar smoker.

MAIN RESULTS FROM BOFFETTA ET
AL., 1988

[RRs by duration adjusted for age, smoking,
and other occupational exposures; Occupa-
tional RRs adjusted for age and smoking
only]

Self-reported duration | Lung 95-percent
of exposure to diesel | cancer | confidence
exhaust RR interval
Years:
11015 (i 1.05 0.80-1.39
16 or more ............ 1.21 0.94-1.56
Occupation:
Truck Drivers ......... 1.24 0.93-1.66
Railroad Workers .. 1.59 0.94-2.69
Heavy Equipment
Operators ........... 2.60 1.12-6.06
Miners .....ccoceeeeen. 2.67 1.63-4.37

In addition to comments (addressed
earlier) on the RR for miners in this
study, IMC Global submitted several
comments pertaining to the RR
calculated for persons who explicitly
stated that they had been occupationally
exposed to diesel emissions. This RR
was 1.18 for persons reporting any
exposure (regardless of duration)
compared to all subjects reporting no
exposure. MSHA considers the most
important issue raised by IMC Global to
be that 20.6 percent of all cohort
members did not answer the question
about occupational diesel exhaust
exposure during their lifetimes, and
these subjects experienced a higher age-
adjusted mortality rate than the others.
As the authors of this study
acknowledged, this “could introduce a
substantial bias in the estimate of the
association.” (Boffetta et al., 1988, p.
412).

To show that the impact of this bias
could indeed be substantial, the authors

of the study addressed one extreme
possibility, in which all “unknowns”’
were actually unexposed. Under this
scenario, excluding the “unknowns”
would have biased the calculated RR
upward by a sufficient amount to
explain the entire 18-percent excess in
RR. This would not, however, explain
the higher RR for persons reporting
more than 16 years exposure, compared
to the RR for persons reporting 1 to 15
years. Moreover, the authors did not
discuss the opposite extreme: if all or
most of the “unknowns” who
experienced lung cancer were actually
exposed, then excluding them would
have biased the calculated RR
downward. There is little basis for
favoring one of these extremes over the
other.

Another objection to this study raised
by IMC Global was:

All exposure information in the study was
self-reported and not validated. The authors
of the study have no quantitative data or
measurements of actual diesel exhaust
exposures.

MSHA agrees with IMC Global and
other commenters that a lack of
quantitative exposure measurements
limits the strength of the evidence this
study presents. MSHA believes,
however, that the evidence presented is
nevertheless substantial. The possibility
of random classification errors due to
self-reporting of exposures does not
explain why persons reporting 16 or
more years of exposure would
experience a higher relative risk of lung
cancer than persons reporting 1 to 15
years of exposure. This difference is not
statistically significant, but random
exposure misclassification would tend
to make the effects of exposure less
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conspicuous. Nor can self-reporting
explain why an elevated risk of lung
cancer would be observed for four
occupations commonly associated with
diesel exposure.

Furthermore, the study’s authors did
perform a rough check on the accuracy
of the cohort’s exposure information.
First, they confirmed that, after
controlling for age, smoking, and other
occupational exposures, a statistically
significant relationship was found
between excess lung cancer and the
cohort’s self-reported exposures to
asbestos. Second they found no such
association for self-reported exposure to
pesticides and herbicides, which they
considered unrelated to lung cancer
(ibid., pp. 410—-411).

IMC Global also commented that the
“* * * gstudy may suffer from volunteer
bias in that the cohort was healthier and
less likely to be exposed to important
risk factors, such as smoking or
alcohol.” They noted that this
possibility “is supported by the U.S.
EPA in their draft Health Assessment
Document for Diesel Emissions.”

The study’s authors noted that
enrollment in the cohort was
nonrandom and that participants tended
to be healthier and less exposed to
various risk factors than the general
population. These differences, however,
would tend to reduce any relative risk
for the cohort calculated in comparison
to the external, general population. The
authors pointed out that external
comparisons were, therefore,
inappropriate; but “the internal
comparisons upon which the foregoing
analyses are based are not affected
strongly by selection biases.” (ibid.)

Although the 1999 EPA draft notes
potential volunteer bias, it concludes:
“Given the fact that all diesel exhaust
exposure occupations * * * showed
elevated lung cancer risk, this study is
suggestive of a causal association.” 53
(EPA, 1999, p. 7-13) No objection to this
conclusion was raised in the most
recent CASAC review of the EPA draft
(CASAC, 2000).

Boffetta et al., 1990

This case-control study was based on
2,584 male hospital patients with
histologically confirmed lung cancer,
matched with 5099 male patients with
no tobacco-related diseases. Cases and
controls were matched within each of
18 hospitals by age (within two years)
and year of interview. Information on
each patient, including medical and
smoking history, occupation, and
alcohol and coffee consumption, was
obtained at the time of diagnosis in the
hospital, using a structured
questionnaire. For smokers, smoking
data included the number of cigarettes
per day. Prior to 1985, only the patient’s
usual job was recorded. In 1985, the
questionnaire was expanded to include
up to five other jobs and the length of
time worked in each job. After 1985,
information was also obtained on
dietary habits, vitamin consumption,
and exposure to 45 groups of chemicals,
including diesel exhaust.

The authors categorized all
occupations into three groups,
representing low, possible, and probable
diesel exhaust exposure. The “low
exposure” group was used as the
reference category for calculating odds
ratios for the “possible” and “probable”
job groups. These occupational

comparisons were based on the full
cohort of patients, enrolled both before
and after 1985. A total of 35 cases and
49 controls (all enrolled after the
questionnaire was expanded in 1985)
reported a history of diesel exposure.
The reference category for self-reported
diesel exposure consisted of a
corresponding subset of 442 cases and
897 controls reporting no diesel
exposure on the expanded
questionnaire. The authors made three
comparisons to rule out bias due to self-
reporting of exposure: (1) No difference
was found between the average number
of jobs reported by cases and controls;
(2) the association between self-reported
asbestos exposure was in agreement
with previously published estimates;
and (3) no association was found for two
exposures (pesticides and fuel pumping)
considered unrelated to lung cancer
(ibid., p. 584).

Stober and Abel (1996) identified this
study as being “of eminent importance
owing to the care taken in including the
most influential confounding factors
and analyses of dose-effect
relationships.” The main findings are
presented in the following table. All of
these results were obtained using
logistic regression, factoring in the
estimated effects of age, race, years of
education, number of cigarettes per day,
and asbestos exposure (yes or no). An
elevated risk of lung cancer was
reported for workers with more than 30
years of either self-reported or
“probable” diesel exposure. The authors
repeated the occupational analysis using
“ever” rather than “usual” employment
in jobs classified as “probable”
exposure, with “remarkably similar”
results (ibid., p. 584).

MAIN RESULTS FROM BOFFETTA ET AL., 1990
[Adjusted for age, race, education, smoking, and asbestos exposure]

Self-reported duration of exposure to diesel exhaust Lugg cancer ggnﬁ‘)iggnegé
0dds ratio interval

Years:

1to 15 0.90 0.40-1.99

16 to 30 1.04 0.44-2.48

31 or more 2.39 0.87-6.57
Likelihood of Exposure:

19 jobs With “POSSIDIE’™” EXPOSUIE ....c..eiiiiiiiiiiii et sttt b e nneeseee e 0.92 0.76-1.10

13 jobs with “probable’”” EXPOSUIE ........ccei i e 0.95 0.78-1.16

1 to 15 years in “probable’ jobs 0.52 0.15-1.86

16 to 30 years in “probable” jobs .... 0.70 0.34-1.44

31 or more years in “probable” JODS ..........coi i 1.49 0.72-3.11

531n his review of this study for the NMA, Dr.
Peter Valberg stated: “This last sentence reveals
EPA’s bias; the RRs for truck drivers and railroad
workers were not statistically elevated.”” Contrary to
Dr. Valberg’s statement, the RRs were greater than
1.0 and, therefore, were “statistically elevated.”

Although the elevation for these two occupations
was not statistically significant at a 95-percent
confidence level, the EPA made no claim that it
was. Under a null hypothesis of no real association,
the probability should be 7% that the RR would
exceed 1.0 for an occupation associated with diesel

exposure. Therefore, under the null hypothesis, the
probability that the RR would exceed 1.0 for all four
such occupations is (1/2)* = 0.06. This corresponds
to a 94-percent confidence level for rejecting the
null hypothesis.
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The study’s authors noted that most
U.S. trucks did not have diesel engines
until the late 1950s or early 1960s and
that many smaller trucks are still
powered by gasoline engines. Therefore,
they performed a separate analysis of
truck drivers cross-classified by self-
reported diesel exposure ““‘to compare
presumptive diesel truck drivers with
nondiesel drivers.” After adjusting for
smoking, the resulting OR for diesel
drivers was 1.25, with a 95-percent
confidence interval of 0.85 to 2.76 (ibid.,
p. 585).

Briiske-Hohlfeld et al., 1999

This was a pooled analysis of two
case-control studies on lung cancer in
Germany. The data pool consisted of
3,498 male cases with histologically or
cytologically confirmed lung cancer and
3,541 male controls randomly drawn
from the general population. Cases and
controls were matched for age and
region of residence. For the pooled
analysis, information on demographic
characteristics, smoking, and detailed
job and job-task history was collected by
personal interviews with the cases and
controls, using a standardized
questionnaire.

Over their occupational lifetimes,
cases and controls were employed in an
average of 2.9 and 2.7 different jobs,
respectively. Jobs considered to have
had potential exposure to diesel exhaust
were divided into four groups:
Professional drivers (including trucks,
buses, and taxis), other “traffic-related”
jobs (including switchmen and
operators of diesel locomotives or diesel
forklift trucks), full-time drivers of farm
tractors, and heavy equipment
operators. Within these four groups,
each episode of work in a particular job
was classified as being exposed or not
exposed to diesel exhaust, based on the
written description of job tasks obtained
during the interview. This exposure
assessment was done without
knowledge of the subject’s case or
control status. Each subject’s lifetime
duration of occupational exposure was
compiled using only the jobs
determined to have been diesel-
exposed. There were 264 cases and 138
controls who accumulated diesel
exposure exceeding 20 years, with 116
cases and 64 controls accumulating
more than 30 years of occupational
exposure.

For each case and control, detailed
smoking histories from the

questionnaire were used to establish
smoking habit, including consumption
of other tobacco products, cumulative
smoking exposure (expressed as
packyears), and years since quitting
smoking. Cumulative asbestos exposure
(expressed as the number of exposed
working days) was assessed based on 17
job-specific questionnaires that
supplemented the main questionnaire.

The main findings of this study, all
adjusted for cumulative smoking and
asbestos exposure, are presented in the
following table. Although the odds ratio
for West German professional drivers
was a statistically significant 1.44, as
shown, the odds ratio for East German
professional drivers was not elevated.
As a possible explanation, the authors
noted that after 1960, the number of
vehicles (cars, busses, and trucks) with
diesel engines per unit area was about
five times higher in West Germany than
in East Germany. Also, the higher OR
shown for professional drivers first
exposed after 1955, compared to earlier
years of first exposure, may have
resulted from the higher density of
diesel traffic in later years.

BILLING CODE 4510-43-P
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Main results from Briiske-Hohlfeld et al., 1999

(controlled for age; adjusted for smoking and asbestos exposure)

Occupational Exposure Lung Cancer 95-Percent
to Diesel Exhaust Odds Ratio Confidence Interval
Any During Lifetime 1.43 1.23-1.67
West German Professional Drivers 1.44 1.18-1.76
First exposed before 1946 1.32 0.68 - 2.07
First exposed 1946 - 1955 1.49 0.96 - 1.88
First exposed after 1955 1.56 1.21-2.08
“Traffic-Related” Jobs other than Driving 1.53 1.04-2.24
410 10 years 1.18 0.6 -2.4"
11 to 20 years 2.49 1.1-5.6"
More than 20 years 2.88 1.1-7.21
Full-Time Drivers of Farm Tractors 1.29 0.78-2.14
11 to 20 years 1.51 0.4-3.8¢
21 to 30 years 3.67 1.0-13*
More than 30 years 6.81 1.1 - 40¢
Heavy Equipment Operators 2.31 144 -3.70
statistically
significant
More than 20 years 4.30
(interval not
reported)
t Confidence limits estimated from Fig. 1 of Briiske-Hohlfeld et al. (1999).
* Confidence limits estimated from Fig. 2 of Briiske-Hohlfeld et al. (1999).

BILLING CODE 4510-43-C

As the authors noted, a strength of
this study is the good statistical power
resulting from having a significant
number of workers exposed to diesel
emissions for more than 30 years.
Another strength is the statistical
treatment of potential confounders,
using quantitative measures of
cumulative smoking and asbestos
exposures.

Although they did not rely solely on
job title, and differentiated between
diesel-exposed and unexposed work
periods, the authors identified

limitations in the assessment of diesel
exposure, “under these circumstances
leading to an odds ratio that is biased
towards one and an underestimation of
the true [relative] risk of lung cancer.”
A more quantitative assessment of
diesel exposure would tend to remove
this bias, thereby further elevating the
relative risks. Therefore, the authors
concluded that their study “showed a
statistically significant increase in lung
cancer risk for workers occupationally
exposed to [diesel exhaust] in Germany
with the exception of professional

drivers in East Germany.”” Garshick et
al., 1987

This case-control study was based on
1,256 primary lung cancer deaths and
2,385 controls whose cause of death was
not cancer, suicide, accident, or
unknown. Cases and controls were
drawn from records of the U.S. Railroad
Retirement Board (RRB) and matched
within 2.5 years of birth date and 31
days of death date. Selected jobs, with
and without regular diesel exposure,
were identified by a review of job titles
and duties and classified as “exposed”
or “unexposed” to diesel exhaust. For
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39 jobs, this exposure classification was
confirmed by personal sampling of
current respirable dust concentrations,
adjusted for cigarette smoke, at four
different railroads. Jobs for which no
personal sampling was available were
classified based on similarities in
location and activity to sampled jobs.

A detailed work history for each case
and control was obtained from an
annual report filed with the RRB. This
was combined with the exposure
classification for each job to estimate the
lifetime total diesel exposure (expressed
as “diesel-years”) for each subject. Years
spent not working for a railroad, or for
which a job was not recorded, were
considered to be unexposed. This
amounted to 2.4% of the total worker-
years from 1959 to death or retirement.

Because of the transition from steam
to diesel locomotives in the 1950s,
occupational lifetime exposures were
accumulated beginning in 1959. Since
many of the older workers retired not
long after 1959 and received little or no

diesel exposure, separate analyses were
carried out for subjects above and below
the age of 65 years at death. The group
of younger workers was considered to
be less susceptible to exposure
misclassification.

Detailed smoking histories, including
years smoked, cigarettes per day, and
years between quitting and death, were
obtained from next of kin. Based on job
history, each case and control was also
classified as having had regular,
intermittent, or no occupational
asbestos exposure.

The main results of this study,
adjusted for smoking and asbestos
exposure, are presented in the following
table for workers aged less than 65 years
at the time of their death. All of these
results were obtained using logistic
regression, conditioned on dates of birth
and death. The odds ratio presented in
the shaded cell for 20 years of unlagged
exposure was derived from an analysis
that modeled diesel-years as a
continuous variable. All of the other

odds ratios in the table were derived
from analyses that modeled cumulative
exposure categorically, using workers
with less than five diesel-years of
exposure as the reference group.
Statistically significant elevations of
lung cancer risk were reported for the
younger workers with at least 20 diesel-
years of exposure or at least 15 years
accumulated five years prior to death.
No elevated risk of lung cancer was
observed for the older workers, who
were 65 or more years old at the time

of their death. The authors attributed
this to the fact, mentioned above, that
many of these older workers retired
shortly after the transition to diesel-
powered locomotives and, therefore,
experienced little or no occupational
diesel exposure. Based on the results for
younger workers, they concluded that
“this study supports the hypothesis that
occupational exposure to diesel exhaust
increases lung cancer risk.”

MAIN RESULTS FROM GARSHICK ET AL., 1987, FOR WORKERS AGED LESS THAN 65 YEARS AT DEATH
[Controlled for dates of birth and death; adjusted for cigarette smoking and asbestos exposure]

. Lung cancer 95-percent confidence
Diesel exposure odgs ratio P interval
No lag:
04 IESEI-YRAIS ...ttt ettt b e nan et ab e naneenen 1 N/A (reference group)
5—19 diESEl-Years .......cociiiiiiiiiiie 1.02 0.72-1.45
20 diesel-years (diesel exposure modeled as continuous variable) .. 1.41 1.06-1.88
20 OF MOYE IESEI-YEAIS ...cueeiiii i s e e sa e sre e 1.64 1.18-2.29
Accumulated at least 5 years before death:
0—4 IESEI-YAIS ...t e e 1 N/A (reference group)
514 dIESEI-YAIS ..o e 1.07 0.69- 1.66
15 0F MOIE AIESEI-YEAIS ....oveiiiiiiii e e e e s 1.43 1.06— 1.94

In its 1999 draft Health Assessment
Document for Diesel Emissions, the U.S.
EPA noted various limitations of this
study but concluded that “compared
with previous studies [i.e., prior to
1987] * * *, [it] provides the most valid
evidence that occupational diesel
exhaust emission exposure increases the
risk of lung cancer.” (EPA, 1999, p. 7—
33) No objection to this conclusion was
raised in the most recent CASAC review
of the EPA draft (CASAC, 2000).

The EMA objected to this study’s
determination of smoking frequency
based on interviews with next of kin,
stating that such determination
“generally results in an underestimate,
as it has been shown that cigarette
companies manufacture 60% more
product than public surveys indicate are
being smoked.”

A tendency to mischaracterize
smoking frequency would have biased
the study’s reported results if the degree
of under- or over-estimation varied
systematically with diesel exposure.

The EMA, however, submitted no
evidence that the smoking under-
estimate, if it existed at all, was in any
way correlated with cumulative
duration of diesel exposure. In the
absence of such evidence, MSHA finds
no reason to assume differential mis-
reporting of smoking frequency.

Even more importantly, the EMA
failed to distinguish between “public
surveys” of the smokers themselves
(who may be inclined to understate
their habit) and interviews with next of
kin. The investigators specifically
addressed the accuracy of smoking data
obtained from next of kin, citing two
studies on the subject. Both studies
reported a tendency for surrogate
respondents to overestimate, rather than
underestimate, cigarette consumption.
The authors concluded that ““this could
exaggerate the contribution of cigarette
smoking to lung cancer risk if the next
of kin of subjects dying of lung cancer
were more likely to report smoking

histories than were those of controls.”
(ibid, p.1246)

IMC Global, along with Cox (1997)
objected to several methodological
features of this study. MSHA'’s response
to each of these criticisms appears
immediately following a summary
quotation from IMC Global’s written
comments:

(A) The regression models used to analyze
the data assumed without justification that
an excess risk at any exposure level implied
an excess risk at all exposure levels.

The investigators did not extrapolate
their regression models outside the
range supported by the data.
Furthermore, MSHA is using this study
only for purposes of hazard
identification at exposure levels at least
as high as those experienced by workers
in the study. Therefore, the possibility
of a threshold effect at much lower
levels is irrelevant.

(B) The regression model used did not
specify that the exposure estimates were
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imperfect surrogates for true exposures. As a
result, the regression coefficients do not bear
any necessary relationship to the effects that
they try to measure.

As noted by Cox (op cit.), random
measurement errors for exposures in an
univariate regression model will tend to
bias results in the direction of no
apparent association, thereby masking
or reducing any apparent effects of
exposure. The crux of Cox’s criticism,
however, is that, for statistical analysis
of the type employed in this study,
random errors in a mutivariate exposure
(such as an interdependent combination
of smoking, asbestos, and diesel
exposure) can potentially bias results in
either direction. This objection fails to
consider the fact that a nearly identical
regression result was obtained for the
effect of diesel exposure when smoking
and asbestos exposure were removed
from the model: OR = 1.39 instead of
1.41. Furthermore, even with a
multivariate exposure, measurement
errors in the exposure being evaluated
typically bias the estimate of relative
risk downward toward a null result.
Relative risk is biased upwards only
when the various exposures are
interrelated in a special way. No
evidence was presented that the data of
this study met the special conditions
necessary for upward bias or that any
such bias would be large enough to be
of any practical significance.

(C) The * * * analysis used regression
models without presenting diagnostics to
show whether the models were appropriate
for the data.

MSHA agrees that regression
diagnostics are a valuable tool in
assuring the validity of a statistical
regression analysis. There is nothing at
all unusual, however, about their not
having been mentioned in the published
report of this study. Regression
diagnostics are rarely, if ever, published
in epidemiologic studies making use of
regression analysis. This does not imply
that such diagnostics were not
considered in the course of identifying
an appropriate model or checking how
well the data conform to a given model’s
underlying assumptions. Evaluation of
the validity of any statistical analysis is
(or should be) part of the peer-review
process prior to publication.

(D) The * * * risk models assumed that
1959 was the effective year when DE
exposure started for each worker. Thus, the
analysis ignored the potentially large
differences in pre-1959 exposures among
workers. This modeling assumption makes it
impossible to interpret the results of the
study with confidence.

MSHA agrees that the lack of diesel
exposure information on individual

workers prior to 1959 represents an
important limitation of this study. This
limitation, along with a lack of
quantitative exposure data even after
1959, may preclude using it to
determine, with reasonable confidence,
the shape or slope of a quantitative
exposure-response relationship. Neither
of these limitations, however,
invalidates the study’s finding of an
elevated lung cancer risk for exposed
workers. MSHA is not basing any
quantitative risk assessment on this
study and is relying on it, in
conjunction with other evidence, only
for purposes of hazard identification.

(E) The risk regression models * * *
assume, without apparent justification, that
all exposed individuals have identical dose-
response model parameters (despite the
potentially large differences in their pre-1959
exposure histories). This assumption was not
tested against reasonable alternatives, e.g.,
that individuals born in different years have
different susceptibilities * * *

Cases and controls were matched on
date of birth to within 2.5 years, and
separate analyses were carried out for
the two groups of younger and older
workers. Furthermore, it is not true that
the investigators performed no tests of
reasonable alternatives even to the
assumption that younger workers shared
the same model parameters. They
explored and tested potential
interactions between smoking intensity
and diesel exposure, with negative
results. The presence of such
interactions would have meant that the
response to diesel exposure differed
among individuals, depending on their
smoking intensity.

One other objection that Cox (op cit.)
raised specifically in connection with
this study was apparently overlooked by
IMC Global. To illustrate what he
considered to be an improper evaluation
of statistical significance when more
than one hypothesis is tested in a study,
Cox noted the finding that for workers
aged less than 65 years at time of death,
the odds ratio for lung cancer was
significantly elevated at 20 diesel-years
of exposure. He then asserted that this
finding was merely

* * *an instance of a whole family of
statements of the form ‘“Workers who were A
years or younger at the time of death and
who were exposed to diesel exhaust for Y
years had a significantly increased relative
odds ratios for lung cancer. The probability
of at least one false positive occurring among
the multiple hypotheses in this family
corresponding to different combinations of A
(e.g., no more than 54, 59, 64, 69, 74, 79, etc.
years old at death) and durations of exposure
(e.g., Y =5, 10, 15, 20, 25, etc. years) is not
limited to 5% when each combination of A
and Y values is tested at a p = 5%

significance level. For example, if 30
different (A, Y) combinations are considered,
each independently having a 5% probability
of a false positive (i.e., a reported 5%
significance level), then the probability of at
least one false positive occurring in the study
as a whole is p =1—(1—-0.05) 30 = 78%. This
p-value for the whole study is more than 15
times greater than the reported significance
level of 5%.

MSHA is evaluating the cumulative
weight of evidence from many studies
and is not relying on the level of
statistical significance attached to any
single finding or study viewed in
isolation. Furthermore, Cox’s analysis of
the statistical impact of multiple
comparisons or hypothesis tests is
flawed on several counts, especially
with regard to this study in particular.
First, the analysis relies on a highly
unrealistic assumption that when
several hypotheses are tested within the
same study, the probabilities of false
positives are statistically independent.
Second, Cox fails to distinguish between
those hypotheses or comparisons
suggested by exploration of the data and
those motivated by prior considerations.
Third, Cox ignores the fact that the
result in question was based on a
statistical regression analysis in which
diesel exposure duration was modeled
as a single continuous variable.
Therefore, this particular result does not
depend on multiple hypothesis-testing
with respect to exposure duration.
Fourth, and most importantly, Cox
assumes that age and exposure duration
were randomly picked for testing from
a pool of interchangeable possibilities
and that the only thing distinguishing
the combination of “65 years of age”
and “20 diesel-years of exposure” from
other random combinations was that it
happened to yield an apparently
significant result. This is clearly not the
case. The investigators divided workers
into only two age groups and explained
that this division was based on the
history of dieselization in the railroad
industry—not on the results of their
data analysis. Similarly, the result for 20
diesel-years of exposure was not favored
over shorter exposure times simply
because 20 years yielded a significant
result and the shorter times did not.
Lengthy exposure and latency periods
are required for the expression of
increased lung cancer risks, and this
justifies a focus on the longest exposure
periods for which sufficient data are
available.

Garshick et al., 1988; Garshick, 1991

In this study, the investigators
assessed the risk of lung cancer in a
cohort of 55,407 white male railroad
workers, aged 40 to 64 years in 1959,
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who had begun railroad work between
1939 and 1949 and were employed in
one of 39 jobs later surveyed for
exposure. Workers whose job history
indicated likely occupational exposure
to asbestos were excluded. Based on the
subsequent exposure survey, each of the
39 jobs represented in the cohort was
classified as either exposed or
unexposed to diesel emissions. The
cohort was followed through 1980, and
1,694 cases of death due to lung cancer
were identified.

As in the 1987 study by the same
investigators, detailed railroad job
histories from 1959 to date of death or
retirement were obtained from RRB
records and combined with the
exposure classification for each job to
provide the years of diesel exposure
accumulated since 1959 for each worker
in the cohort. Using workers classified
as ‘“‘unexposed” within the cohort to
establish a baseline, time-dependent
proportional hazards regression models

were employed to evaluate the relative
risk of lung cancer for exposed workers.
Although the investigators believed they
had excluded most workers with
significant past asbestos exposures from
the cohort, based on job codes, they
considered it possible that some
workers classified as hostlers or shop
workers may have been included in the
cohort even if occupationally exposed to
asbestos. Therefore, they carried out
statistical analyses with and without
shop workers and hostlers included.
The main results of this study are
presented in the following table.
Statistically significant elevations of
lung cancer risk were found regardless
of whether or not shop workers and
hostlers were included. The 1988
analysis adjusted for age in 1959, and
the 1991 analysis adjusted, instead, for
age at death or end of follow-up (i.e.,
end of 1980).54 In the 1988 analysis, any
work during a year counted as a diesel-
year if the work was in a diesel-exposed

job category, and the results from the
1991 analysis presented here are based
on this same method of compiling
exposure durations. Exposure durations
excluded the year of death and the four
prior years, thereby allowing for some
latency in exposure effects. Results for
the analysis excluding shop workers
and hostlers were not presented in the
1991 report, but the report stated that
“similar results were obtained.” Using
either method of age adjustment, a
statistically significant elevation of lung
cancer risk was associated with each
exposure duration category. Using
“attained age,” however, there was no
strong indication that risk increased
with increasing exposure duration. The
1991 report concluded that ‘““there
appears to be an effect of diesel
exposure on lung cancer mortality” but
that “because of weaknesses in exposure
ascertainment * * *, the nature of the
exposure-response relationship could
not be found in this study.”

MAIN RESULTS FROM GARSHICK ET AL., 1988 AND GARSHICK, 1991

Full cohort Shopworkers & hostlers
excluded
Exposure duration (diesel-years, last 5 years excluded) o 95% contf. :

Relative risk int. Relative risk 95 /ion::onf.
L OSSPSR 1.20 1.01-1.44 1.34 1.08-1.65
1.31 1.09-1.57 N.R. N.R.
L LSS UPURRUPRRPRRNE 1.24 1.06-1.44 1.33 1.12-1.58
1.28 1.09-1.49 N.R. N.R
T0—Td et e et —e e —e e bt e ettt e ahe e e teetaeebeeabeeareeeaeeereennaeans 1.32 1.13-1.56 1.33 1.10-1.60
1.19 | 1.002-1.41 N.R. N.R.
15 OF IMOTE ittt ettt e e et e st e et e e e aeeeseesateeteeesseesaeesnseenseeesseeaseesnseessseenseensnaans 1.72 1.27-2.33 1.82 1.30-2.55
1.40 1.03-1.90 N.R. N.R.

Top entry within each cell is from 1988 analysis, adjusted for age in 1959. Bottom entry is from 1991 analysis, adjusted for age at death or
end of follow-up (“attained age”). N.R. means “not reported.”

Some commenters noted that
removing the shop workers and hostlers
from the analysis increased the relative
risk estimates. Dr. Peter Valberg found
this “paradoxical,” since workers in
these categories had later been found to
experience higher average levels of
diesel exposure than other railroad
workers.

This so-called paradox is likely to
have resulted simply from exposure
misclassification for a significant
portion of the shop workers. The effect
was explained by Garshick (1991) as
follows:

* * * shop workers who worked in the
diesel repair shops shared job codes with
workers in non-diesel shops where there was
no diesel exhaust * * *. Apparent exposure
as a shop worker based on the job code was
then diluted with workers with the same job
code but without true exposure, making it

54 Also, the 1991 analysis excluded 12 members
of the cohort due to discrepancies between work

less likely to see an effect in the shop worker
group. In addition, workers in the shop
worker group of job codes tended to have less
stable career paths * * * compared to the
other diesel exposure categories.

So although many of the shopworkers
may have been exposed to relatively
high dpm concentrations, many others
were among the lowest-exposed workers
or were even unexposed because they
spent their entire occupational lifetimes
in unexposed locations. This could
readily account for the increase in
relative risks calculated when shop
workers were excluded from the
analysis.

Dr. Valberg also noted that, according
to Crump (1999), mortality rates for
cirrhosis of the liver and heart disease
were significantly elevated for “train
riders,” who were exposed to diesel
emissions, as compared to other

history and reported year of death, leaving 55,395

railroad workers included in the analysis.

members of the cohort, who were less
likely to be exposed. It is also the train
riders who account, primarily, for the
elevated risk of lung cancer associated
with diesel exposure in the overall
cohort. Dr. Valberg interpreted this as
suggesting that “lifestyle”” factors such
as diet or smoking habits, rather than
diesel exposure, were responsible for
the increased risk of lung cancer
observed among the diesel-exposed
workers.

Dr. Valberg presented no evidence
that, apart from diesel exposure, the
train riders differed systematically from
the other workers in their smoking
habits or in other ways that would be
expected to affect their risk of lung
cancer. Therefore, MSHA views the
suggestion of such a bias as speculative.
Even if lifestyle factors associated with
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train ridership were responsible for an
increased risk of cirrhosis of the liver or
heart disease, this would not necessarily
mean that the same factors were also
responsible for the increased risk of
lung cancer. Still, it is hypothetically
possible that systematic differences,
other than diesel exposure, between
train riders and other railroad workers
could account for some or even all of
the increased lung cancer risk. That is
why MSHA does not rely on this, or any
other, single study in isolation.

Some commenters, including the
NMA, objected to this study on grounds
that it failed to control for potentially
confounding factors, principally
smoking. The NMA stated that this “has
rendered its utility questionable at
best.” As explained earlier, there is
more than one way in which a study can
control for smoking or other potential
confounders. One of the ways is to make
sure that groups being compared do not
differ with respect to the potential
confounder. In this study, workers with
likely asbestos exposure were excluded
from the cohort, stability of workers
within job categories was well
documented, and similar results were
reported when job categories subject to
asbestos exposure misclassification
were excluded. In their 1988 report, the
investigators provided the following
reasons to believe that smoking did not
seriously affect their findings:

* * * the cohort was selected to
include only blue-collar workers of
similar socioeconomic class, a known
correlate of cigarette smoking * * *,in
our case-control study [Garshick et al.,
1987], when cigarette smoking was
considered, there was little difference in
the crude or adjusted estimates of diesel
exhaust effects. Finally, in the group of
517 current railroad workers surveyed
by usin 1982 * * * we found no
difference in cigarette smoking
prevalence between workers with and
without potential diesel exhaust
exposure. [Garshick et al., 1988]

Since relative risks were based on
internal comparisons, and the cohort
appears to have been fairly
homogeneous, MSHA regards it as
unlikely that the association of lung
cancer with diesel exposure in this
study resulted entirely from
uncontrolled asbestos or smoking
effects. Nevertheless, MSHA recognizes
that differential smoking patterns may
have affected, in either direction, the
degree of association reported in each of
the exposure duration categories.

Cox (1997) re-analyzed the data of this
study using exploratory, nonparametric
statistical techniques. As quoted by IMC
Global, Cox concluded that “these

methods show that DE [i.e., dpm]
concentration has no positive causal
association with lung cancer mortality
risk.” MSHA believes this quotation
(taken from the abstract of Cox’s article)
overstates the findings of his analysis.
At most, Cox confirmed the conclusion
by Garshick (1991) that these data do
not support a positive exposure-
response relationship. Specifically, Cox
determined that inter-relationships
among cumulative diesel exposure, age
in 1959, and retirement year make it
“impossible to prove causation by
eliminating plausible rival hypotheses
based on this dataset.” (Cox, 1997; p.
826) Even if Cox’s analysis were correct,
it would not follow that there is no
underlying causal connection between
dpm exposure and lung cancer. It would
merely mean that the data do not
contain internal evidence implicating
dpm exposure as the cause, rather than
one or more of the variables with which
exposure is correlated. Cox presented no
evidence that any “rival hypotheses”
were more plausible than causation by
dpm exposure. Furthermore, it may
simply be, as Garshick suggested, that
an underlying exposure-response
relationship is not evident ‘“‘because of
weaknesses in exposure ascertainment.”
(Garshick, 1991, op cit.) None of this
negates the fact that, after adjusting for
either age in 1959 or “attained” age,
lung cancer was significantly more
prevalent among the exposed workers.

Along similar lines, many
commenters pointed out that an HEI
expert panel examined the data of this
study (HEI, 1999) and found that it had
very limited use for quantitative risk
assessment (QRA). Several of these
commenters mischaracterized the
panel’s findings. The NMA, for
example, drew the following unjustified
conclusion from the panel’s report: “In
short, * * * the correct interpretation of
the Garshick study is that any
occupational increase in lung cancer
among train workers was not due to
diesel exposures.”

Contrary to the NMA’s
characterization, the HEI Expert Panel’s
report stated that the data are
* * * consistent with findings of a weak
association between death from lung cancer
and occupational exposure to diesel exhaust.
Although the secondary exposure-response
analyses * * * are conflicting, the overall
risk of lung cancer was elevated among
diesel-exposed workers. [Ibid., p. 25]

The panel agreed with Garshick
(1991) and Cox (1997) that the data of
this study do not support a positive
exposure-response relationship. Like
Garshick and unlike Cox, however, the
panel explicitly recognized that
problems with the data could mask such

a relationship and that this does not
negate the statistically significant
finding of elevated risk among exposed
workers. Indeed, the panel even
identified several factors, in addition to
weak exposure assessment as suggested
by Garshick, that could mask a positive
relationship: unmeasured confounding
variables such as cigarette smoking,
previous occupational exposures, or
other sources of pollution; a “healthy
worker survivor effect”’; and differential
misclassification or incomplete
ascertainment of lung cancer deaths.
(HEI 1999; p. 32)

Positive exposure-response
relationships based on these data were
reported by the California EPA
(OEHHA, 1998). MSHA recognizes that
those findings were sensitive to various
assumptions and that other investigators
have obtained contrary results. The
West Virginia Coal Association,
paraphrasing Dr. Peter Valberg,
concluded that although the two studies
by Garshick et al. “* * * may represent
the best in the field, they fail to firmly
support the proposition that lung cancer
risk in workers derives from exposure to
dpm.” At least one commenter (IMC
Global) apparently reached a
considerably stronger conclusion that
they were of no value whatsoever, and
urged MSHA to “discount their results
and not consider them in this
rulemaking.” On the other hand, in
response to the ANPRM, a consultant to
the National Coal Association who was
critical of all other studies available at
the time acknowledged that these two:

[* * * have successfully controlled for
severally [sic] potentially important
confounding factors * * *. Smoking
represents so strong a potential confounding
variable that its control must be nearly
perfect if an observed association between
cancer and diesel exhaust is * * * [inferred
to be causall. In this regard, two observations
are relevant. First, both case-control
[Garshick et al., 1987] and cohort [Garshick
et al., 1988] study designs revealed consistent
results. Second, an examination of smoking
related causes of death other than lung
cancer seemed to account for only a fraction
of the association observed between diesel
exposure and lung cancer. A high degree of
success was apparently achieved in
controlling for smoking as a potentially
confounding variable. [Robert A. Michaels,
RAM TRAC Corporation, submitted by
National Coal Association].

To a limited extent, MSHA agrees
with Dr. Valberg and the West Virginia
Coal Association: these two studies—
like every real-life epidemiologic
study—are not “firmly”’ conclusive
when viewed in isolation. Nevertheless,
MSHA believes that they provide
important contributions to the overall
body of evidence. Whether or not they
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can be used to quantify an exposure-
response relationship, these studies—
among the most comprehensive and
carefully controlled currently
available—do show statistically
significant increases in the risk of lung
cancer among diesel-exposed workers.
Johnston et al. (1997)

Since it focused on miners, this study
has already been summarized and

discussed in the previous subsection of
this risk assessment. The main results
are presented in the following table. The
tabled relative risk estimates presented
for cumulative exposures greater than
1000 mg-hr/m3 (i.e., 1 g-hr/m3) were
calculated by MSHA based on the
regression coefficients reported by the
authors. The conversion from mg-hr/m3

to mg-yr/m3 assumes 1,920 occupational
exposure hours per year. Although 6.1
mg-yr/m?3 Dpm roughly equals the
cumulative exposure estimated for the
most highly exposed locomotive drivers
in the study, the relative risk associated
with this exposure level is presented
primarily for purposes of comparison
with findings of Saverin et al. (1999).

MAIN RESULTS FROM JOHNSTON ET AL., 1997

Mine-adjusted model (15-yr lag) Mine-unadjusted model (15-yr lag)
Cumulative dpm exposure
Relative risk 95% conf. interval Relative risk 95% conf. interval
1000 mg-hr/m3 (= 0.521 Mg@-yr/m3) .....ccccovvvevrirnnnne 1.156 | 0.90-1.49 ....ccoviiiiiiiiienn. 1.227 | 1.00-1.50.
1920 mg-hr/m3 (= 1 mg-yr/m3) 1.321 | Not reported .. 1.479 | Not reported
11,700 mg-hr/m3 (= 6.1 mg-yr/m3) .....cccccvvivniirnnnne 5.5 Not reported .......ccccecvveeennen 11.0 Not reported

In its post-hearing comments, MARG
acknowledged that this study “found a
‘weak association’ between lung cancer
and respiratory diesel particulate
exposure” but failed to note that the
estimated relative risk increased with
increasing exposure. MARG also stated
that the association was ‘“deemed non-
significant by the researchers” and that
“no association was found among men
with different exposures working in the
same mines.” Although the mine-
adjusted model did not support 95-
percent confidence for an increasing
exposure-response relationship, the

mine-unadjusted model yielded a
statistically significant positive slope at
this confidence level. Furthermore,
since the mine-adjusted model adjusts
for differences in lung cancer rates
between mines, the fact that relative risk
increased with increasing exposure
under this model indicates (though not
at a 95-percent confidence level) that
the risk of lung cancer increased with
exposure among men with different
exposures working in the same mines.
Sdverin et al. (1999)

Since this study, like the one by
Johnston et al., was carried out on a
cohort of miners, it too was summarized

and discussed in the previous
subsection of this risk assessment. The
main results are presented in the
following table. The relative risk
estimates and confidence intervals at
the mean exposure level of 2.7 mg-yr/m3
TC (total carbon) were calculated by
MSHA, based on values of o and
corresponding confidence intervals
presented in Tables IIT and IV of the
published report (ibid., p. 420). The
approximate equivalency between 4.9
mg-yr/m3 TC and 6.1 mg-yr/m3 Dpm
assumes that, on average, TC comprises
80 percent of Dpm.

MAIN RESULTS FROM SAVERIN ET AL., 1999

Rel- 95% con-
ative fidence in-
risk terval
Highest compared to least eXpoSed WOIKEr CAtEQOIY .......cuiiciiiiiiiirieiiieiie ettt sttt ettt e e bt sar e e ae e s e sbeeeanas 217 0.79-5.99
Proportional hazards (Cox) Poisson mode *
Model *
Cumulative total carbon exposure
" N 95% conf.
. . 95% conf. | Relative risk :
Relative risk interval interval
2.7 mg-yr/m3 TC (i.€., CONOI MEAN) .....ooiiiiiiiiiiiie e 1.33 0.67-2.64 1.08 0.59-1.99
1.73 0.70-4.30 1.42 0.65-3.92
4.9 mg-yr/m3 TC (=6.1 MQ-YIr/M3 dPM) ..c.eiiiiiiiiiiiiie et 1.68 0.49-5.8 1.16 0.38-3.3
2.70 0.52-14.1 1.89 0.46-11.9

*Top entry in each cell is based on full cohort; bottom entry is based on subcohort, which was restricted to miners who worked underground at
least ten years, with at least 80 percent of employment in same job, etc.

These results are not statistically
significant at the conventional 95-
percent confidence level. However, the
authors noted that the relative risk
calculated for the subcohort was
consistently higher than that calculated
for the full cohort. They also considered
the subcohort to have a superior
exposure assessment and a better
latency allowance than the full cohort.

According to the authors, these factors
provide “some assurance that the
observed risk elevation was not entirely
due to chance since improving the
exposure assessment and allowing for
latency effects should, in general,
enhance exposure effects.”

Steenland et al., (1990, 1992, 1998)

The basis for the analyses in this

series was a case-control study
comparing the risk of lung cancer for
diesel-exposed and unexposed workers
who had belonged to the Teamsters
Union for at least twenty years
(Steenland et al., 1990). Drawing from
union records, 996 cases of lung cancer
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were identified among more than 10,000
deaths in 1982 and 1983. For
comparison to these cases, a total of
1,085 controls was selected (presumably
at random) from the remaining deaths,
restricted to those who died from causes
other than lung cancer, bladder cancer,
or motor vehicle accident. Information
on work history, duration and intensity
of cigarette smoking, diet, and asbestos
exposure was obtained from next of kin.
Detailed work histories were also
obtained from pension applications on
file with the Teamsters Union.

Both data sources were used to
classify cases and controls according to
a job category in which they had worked
the longest. Based on the data obtained
from next of kin, the job categories were
diesel truck drivers, gasoline truck
drivers, drivers of both truck types,
truck mechanics, and dock workers.
Based on the pension applications, the
principal job categories were long-haul
drivers, short-haul or city drivers, truck
mechanics, and dock workers. Of the
workers identified by next of kin as
primarily diesel truck drivers, 90
percent were classified as long-haul
drivers according to the Teamster data.
The corresponding proportions were 82
percent for mechanics and 81 percent
for dock workers. According to the
investigators, most Teamsters had
worked in only one exposed job
category. However, because of the
differences in job category definitions,
and also because the next of kin data
covered lifetimes whereas the pension
applications covered only time in the
Teamsters Union, the investigators
found it problematic to fully evaluate
the concordance between the two data
sources.

In the 1990 report, separate analyses
were conducted for each source of data
used to compile work histories. The
investigators noted that ‘“many trucking
companies (where most study subjects
worked) had completed most of the
dieselization of their fleets by 1960,

while independent drivers and
nontrucking firms may have obtained
diesel trucks later * * *” Therefore,
they specifically checked for
associations between increased risk of
lung cancer and occupational exposure
after 1959 and, separately, after 1964. In
the 1992 report, the investigators
presented, for the Union’s occupational
categories used in the study, dpm
exposure estimates based on subsequent
measurements of submicrometer
elemental carbon (EC) as reported by
Zaebst et al. (1991). In the 1998 report,
cumulative dpm exposure estimates for
individual workers were compiled by
combining the individual work histories
obtained from the Union’s records with
the subsequently measured
occupational exposure levels, along
with an evaluation of historical changes
in diesel engine emissions and patterns
of diesel usage. Three alternative sets of
cumulative exposure estimates were
considered, based on alternative
assumptions about the extent of
improvement in diesel engine emissions
between 1970 and 1990. A variety of
statistical models and techniques were
then employed to investigate the
relationship between estimated
cumulative dpm exposure (expressed as
EC) and the risk of lung cancer. The
authors pointed out that the results of
these statistical analyses depended
heavily on “very broad assumptions”
used to generate the estimates of
cumulative dpm exposure. While
acknowledging this limitation, however,
they also evaluated the sensitivity of
their results to various changes in their
assumptions and found these changes to
have little impact on the results.

The investigators also identified and
addressed several other limitations of
this study as follows:

(1) possible misclassification smoking
habits by next of kin, (2) misclassification of
exposure by next of kin, (3) a relatively small
non-exposed group (n = 120) which by
chance may have had a low lung cancer risk,

and (4) lack of sufficient latency (time since
first exposure) to observe a lung cancer
excess. On the other hand, next-of-kin data
on smoking have been shown to be
reasonably accurate, non-differential
misclassification of exposure * * * would
only bias our findings toward * * * no
association, and the trends of increased risk
with increased duration of employment in
certain jobs would persist even if the non-
exposed group had a higher lung cancer risk.
Finally, the lack of potential latency would
only make any positive results more striking.
(Steenland et al., 1990)

The main results from the three
reports covering this study are
summarized in the following table. All
of the analyses were controlled for age,
race, smoking (five categories), diet, and
asbestos exposure as reported by next of
kin. Odds ratios for the occupations
listed were calculated relative to the
odds of lung cancer for occupations
other than truck driver (all types),
mechanic, dock worker, or other
potentially diesel exposed jobs
(Steenland et al., 1990, Appendix A).
The exposure-response analyses were
carried out using logistic regression.
Although the investigators performed
analyses under three different
assumptions for the rate of engine
emissions (gm/mile) in 1970, they
considered the intermediate value of 4.5
gm/mile to be their best estimate, and
this is the value on which the results
shown here are based. Under this
assumption, cumulative occupational
EC exposure for all workers in the study
was estimated to range from 0.45 to
2,440 pg-yr/m3, with a median value of
373 ug-yr/m3. The estimates of relative
risk (expressed as odds ratios) presented
for EC exposures of 373 pg-yr/m3, 1000
ug-yr/m3, and 2450 pg-yr/m3 were
calculated by MSHA based on the
regression coefficients reported by the
authors for five-year lagged exposures
(Steenland et al. 1998, Table II).

BILLING CODE 4510-43-P
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Main results from Steenland et al., (1990, 1992, 1998)

Principal

‘Occupation

Mean 1990 EC

- ‘Concentration

(gg/m5) '

; Duratioh of

= Employment

Lung Cancer :

Odds Ratio

_95-percent

~Conf. Intervél

Diesel truck driver

N.A.

35 or more years*

1.89

1.04 -3.42

Short-haul driver

5.4

18 or more years after 1959

1.79

0.94 - 3.42

Long-haul driver

5.1

18 or more years after 1959

1.55

0.97 -2.47

13 or more years after 1964

1.64

1.05 - 2.57

Truck mechanic

Cumulative Occupational Exposure

18 or more years after 1959

(ng-yr/m®, lagged 5 years)**

EC

TC = 2.EC

dpm = TC/0.8 = 2.5.EC

1.50

‘Lung Can‘cerv' 1

Odds Ratio

0.59 - 3.40

. 95-percent i

1 Conf. lntewé'l

0-169

0-338

0-422

1.08

0.72-1.63

169 - 257

338-514

422 - 642

1.10

0.74 - 1.65

257 - 331

514 - 662

642 - 827

1.36

0.90 -2.04

more than 331

more than 662

more than 827

1.64

1.09 - 2.49

Logistic regression model -

Lung Cancer Odds Ratio* |

Simple Cum. ~ Log of cum, =

Exposure |  Exposure

932

1.16 1.41

2,500

1.48 1.66

6,100

2.59 1.93

*Although primary occupation was driving diesel trucks, employment duration includes years driving any type of truck.

**Conversions between EC, TC, and dpm assume that, on average, TC = 2¢EC and TC =~ 0.8«dpm.

* Calculated by MSHA from regression coefficients presented by Steenland et al. (1990), Table Il. Statistically significant regression

coefficients reported for both models (5% Conf. level). Tabled results for Log(Cum. exposure) model have been adjusted for lifetime

background exposure of 65 pg-yr/m® assumed in regression analysis.

BILLING CODE 4510-43-C
Under the assumption of a 4.5 gm/
mile emissions rate in 1970, the
cumulative EC exposure of 2450 pg-yr/
m3 (=~ 6.1 mg-yr/m3 dpm) shown in the
table closely corresponds to the upper
limit of the range of data on which the
regression analyses were based
(Steenland et al., 1998, p. 224).
However, the relative risks (i.e., odds
ratios) calculated for this level of
occupational exposure are presented

primarily for purposes of comparison
with the findings of Johnston et al.
(1997) and Saverin et al. (1999). At a
cumulative dpm exposure of
approximately 6.1 mg-yr/m3, it is
evident that the Johnston models
predict a far greater elevation in lung
cancer risk than either the Saverin or
Steenland models. A possible
explanation for this is that the Johnston
data included exposures of up to 30

years in duration, and the statistical
models showing an exposure-response
relationship allowed for a 15-year lag in
exposure effects. The other two studies
were based on generally shorter diesel
exposures and allowed less time for
latent effects. In Subsection 3.b.ii(3) of
this risk assessment, the quantitative
results of these three studies will be
further compared with respect to
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exposure levels found in underground
mines.

Several commenters noted that the
HEI Expert Panel (HEI, 1999) had
identified uncertainties in the diesel
exposure assessment as an important
limitation of the exposure-response
analyses by Steenland et al. (1998) and
had recommended further investigation
before the quantitative results of this
study were accepted as conclusive. In
addition, Navistar International
Transportation (NITC) raised a number
of objections to the methods by which
diesel exposures were estimated for the
period between 1949 and 1990 (NITC,
1999). In general, the thrust of these
objections was that exposures to diesel
engine emissions had been
overestimated, while potentially
relevant exposures to gasoline engine
emissions had been underestimated
and/or unduly discounted.>5

As mentioned above, the investigators
recognized that these analyses rely on
“broad assumptions rather than actual
[concurrent] measurements,” and they
proposed that the “results should be
regarded with appropriate caution.”
While agreeing with both the
investigators and the HEI Expert Panel
that these results should be interpreted
with appropriate caution, MSHA also
agrees with the Panel “* * * that
regulatory decisions need to be made in
spite of the limitations and uncertainties
of the few studies with quantitative data
currently available.” (HEIL, 1999, p. 39)
In this context, MSHA considers it
appropriate to regard the 1998 exposure-
response analyses as contributing to the
weight of evidence that dpm exposure
increases the risk of lung cancer, even
if the results are not conclusive when
viewed in isolation.

Some commenters also noted that the
HEI Expert Panel raised the possibility
that the method for selecting controls in
this study could potentially have biased
the results in an unpredictable
direction. Such bias could have
occurred because deaths among some of
the controls were likely due to diseases
(such as cardiovascular disease) that

55Many of the issues NITC raised in its critique
of this study depend on a peculiar identification of
dpm exclusively with elemental carbon. For
example, NITC argued that “more than 65 percent
of the total carbon to which road drivers (and
mechanics) were exposed consisted of organic (i.e.,
non-diesel) carbon, further suggesting that some
other etiology caused or contributed to excess lung
cancer mortality in these workers.” (NITC, 1999, p.
16) Such lines of argument, which depend on
identifying organic carbon as “non-diesel,” ignore
the fact that dpm contains a large measure of
organic carbon compounds (and also some sulfates),
as well as elemental carbon. Any adverse health
effects due to the organic carbon or sulfate
constituents of dpm would nonetheless be due to
dpm exposures.

shared some of the same risk factors
(such as tobacco smoking) with lung
cancer. The Panel presented
hypothetical examples of how this
might bias results in either direction.
Although the possibility of such bias
further demonstrates why the results of
this study should be regarded with
‘“‘appropriate caution,” it is important to
distinguish between the mere possibility
of a control-selection bias, evidence that
such a bias actually exists in this
particular study, and the further
evidence required to show that such
bias not only exists but is of sufficient
magnitude to have produced seriously
misleading results. Unlike the
commenters who cited the HEI Expert
Panel on this issue, the Panel itself
clearly drew this distinction, stating that
“no direct evidence of such bias is
apparent” and emphasizing that “even
though these examples [presented in
HEI (1999), Appendix D] could produce
misleading results, it is important to
note that they are only hypothetical
examples. Whether or not such bias is
present will require further
examination.” (HEI, 1999, pp. 37-38) As
the HEI showed in its examples, such
bias (if it exists) could lead to
underestimating the association
between lung cancer and dpm exposure,
as well as to overestimating it.
Therefore, in the absence of evidence
that control-selection bias actually
distorted the results of this study one
way or the other, MSHA considers it
prudent to accept the study’s finding of
an association at face value.

One commenter (MARG) noted that
information on cigarette smoking,
asbestos exposure, and diet in the
trucking industry study was obtained
from next of kin and stated that such
information was “likely to be
unreliable.” By increasing random
variability in the data, such errors could
widen the confidence intervals around
an estimated odds ratio or reduce the
confidence level at which a positive
exposure-response relationship might be
established. However, unless such
errors were correlated with diesel
exposure or lung cancer in such a way
as to bias the results, they would not, on
average, inflate the estimated degree of
association between diesel exposure and
an increased risk of ling cancer. The
commenter provided no reason to
suspect that errors with respect to these
factors were in any way correlated with
diesel exposure or with the
development of lung cancer.

Some commenters pointed out that EC
concentrations measured in 1990 for
truck mechanics were higher, on
average, than for truck drivers, but the
mechanics, unlike the drivers, showed

no evidence of increasing lung cancer
risk with increasing duration of
employment. NITC referred to this as a
“discrepancy” in the data, assuming
that “cumulative exposure increases
with duration of employment such that
mechanics who have been employed for
18 or more years would have greater
cumulative exposure than workers who
have been employed for 1-11 years.”
(NITGC, 1999)

Mechanics were included in the
logistic regression analyses (Steenland
et al., 1998) showing an increase in lung
cancer risk with increasing cumulative
exposure. These analyses pooled the
data for all occupations by estimating
exposure for each worker based on the
worker’s occupation and the particular
years in which the worker was
employed. There are at least three
reasons why, for mechanics viewed as a
separate group, an increase in lung
cancer risk with increasing dpm
exposure may not have been reflected
by increasing duration of employment.

First, relatively few truck mechanics
were available for analyzing the
relationship between length of
employment and the risk of lung cancer.
Based on the union records, 50 cases
and 37 controls were so classified; based
on the next-of-kin data, 43 cases and 41
controls were more specifically
classified as diesel truck mechanics
(Steenland et al., 1990). In contrast, 609
cases and 604 controls were classified as
long-haul drivers (union records). This
was both the largest occupational
category and the only one showing
statistically significant evidence of
increasing risk with increasing
employment duration. The number of
mechanics included in the study
population may simply not have been
sufficient to detect a pattern of
increasing risk with increasing length of
employment, even if such a pattern
existed.

The second part of the explanation as
to why mechanics did not exhibit a
pattern similar to truck drivers could be
that the data on mechanics were more
subject to confounding. After noting that
“the risk for mechanics did not appear
to increase consistently with duration of
employment,” Steenland et al. (1990)
further noted that the mechanics may
have been exposed to asbestos when
working on brakes. The data used to
adjust for asbestos exposure may have
been inadequate to control for
variability in asbestos exposure among
the mechanics.

Third, as noted by NITC, the lung
cancer risk for mechanics (adjusted for
age, race, tobacco smoking, asbestos
exposure, and diet) would be expected
to increase with increasing duration of
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employment only if the mechanics’
cumulative dpm exposure corresponded
to the length of their employment. None
of the commenters raising this issue,
however, provided any support for this
assumption, which fails to consider the
particular calendar years in which
mechanics included in the study were
employed. In compiling cumulative
exposure for an individual worker, the
investigators took into account
historical changes in both diesel
emissions and the proportion of trucks
with diesel engines—so the exposure
level assigned to each occupational
category was not the same in each year.
In general, workers included in the
study neither began nor ended their
employment in the same year.
Consequently, workers with the same
duration of employment in the same
occupational category could be assigned
different cumulative exposures,
depending on when they were
employed. Similarly, workers in the
same occupational category who were
assigned the same cumulative exposure
may not have worked the same length
of time in that occupation. Therefore, it
should not be assumed that duration of
employment corresponds very well to
the cumulative exposure estimated for
workers within any of the occupational
categories. Furthermore, in the case of
mechanics, there is an additional
historical variable that is especially
relevant to actual cumulative exposure
but was not considered in formulating
exposure estimates: the degree of
ventilation or other means of protection
within repair shops. Historical changes
in shop design and work practices, as
well as differences between shops, may
have caused more exposure
misclassification among mechanics than
among long-haul or diesel truck drivers.
Such misclassification would tend to
further obscure any relationship
between mechanics’ risk of lung cancer
and either duration of employment or
cumulative exposure.

(iv) Counter-Evidence. Several
commenters stated that, in the proposal,
MSHA had dismissed or not adequately
addressed epidemiology studies
showing no association between lung
cancer and exposures to diesel exhaust.
For example, the EMA wrote:

MSHA'’s discussion of the negative studies
generally consists of arguments to explain
why those studies should be dismissed. For
example, MSHA states that, “All of the
studies showing negative or statistically
insignificant positive associations . . .
lacked good information about dpm exposure

. .”” or showed similar shortcomings. 63
Fed. Reg. at 17533. The statement about
exposure information is only partially true,
for, in fact, very few of any of the cited

studies (the “positive” studies as well)
included any exposure measurements, and
none included concurrent exposures.

It should, first of all, be noted that the
statement in question on dpm exposure
referred to the issue of any diesel
exposure—not to quantitative exposure
measurements, which MSHA
acknowledges are lacking in most of the
available studies. In the absence of
quantitative measurements, however,
studies comparing workers known to
have been occupationally exposed to
unexposed workers are preferable to
studies not containing such
comparisons. Furthermore, two of the
studies now available (and discussed
above) utilize essentially concurrent
exposure measurements, and both show
a positive association (Johnston et al.,
1997; Saverin et al., 1999).

MSHA did not entirely “dismiss” the
negative studies. They were included in
both MSHA'’s tabulation (see Tables III—
4 and III-5) and (if they met the
inclusion criteria) in the two meta-
analyses cited both here and in the
proposal (Lipsett and Campleman, 1999,
and Bhatia et al., 1998). As noted by the
commenter, MSHA presented reasons
(such as an inadequate latency
allowance) for why negative studies
may have failed to detect an association.
Similarly MSHA gave reasons for giving
less weight to some of the positive
studies, such as Benhamou et al. (1988),
Morabia et al. (1992), and Siemiatycki et
al., 1988. Additional reasons for giving
less weight to the six entirely negative
studies have been tabulated above,
under the heading of “Best Available
Epidemiologic Evidence.” The most
recent of these negative studies (Christie
et al., 1994, 1995) is discussed in detail
under the heading of ““Studies Involving
Miners.”

One commenter (IMC Global) listed
the following studies (all of which
MSHA had considered in the proposed
risk assessment) as “‘examples of studies
that reported negative associations
between [dpm] exposure and lung
cancer risk’”:

e Waller (1981). This is one of the six
negative studies discussed earlier.
Results were likely to have been biased
by excluding lung cancers occurring
after retirement or resignation from
employment with the London Transit
Authority. Comparison was to a general
population, and there was no
adjustment for a healthy worker effect.
Comparison groups were disparate, and
there was no adjustment for possible
differences in smoking frequency or
intensity.

e Howe et al. (1983). Contrary to the
commenter’s characterization of this
study, the investigators reported

statistically significant elevations of
lung cancer risk for workers classified as
“possibly exposed” or “probably
exposed” to diesel exhaust. MSHA
recognizes that these results may have
been confounded by asbestos and coal
dust exposures.

e Wong et al. (1985). The
investigators reported a statistically
insignificant deficit for lung cancer in
the entire cohort and a statistically
significant deficit for lung cancer in the
less than 5-year duration group.
However, since comparisons were to a
general population, these deficits may
be the result of a healthy worker effect,
for which there was no adjustment.
Because of the latency required for
development of lung cancer, the result
for “less than 5-year duration” is far less
informative than the results for longer
durations of employment and greater
latency allowances. Contrary to the
commenter’s characterization of this
study, the investigators reported
statistically significant elevations of
lung cancer risks for “normal” retirees
(SMR = 1.30) and for “high exposure”
dozer operators with 15-19 years of
union membership and a latency
allowance of at least 20 years (SMR =
3.43).

e Edling et al. (1987). This is one of
the six negative studies discussed
earlier. The cohort consisted of only 694
bus workers and, therefore, lacked
statistical power. Furthermore,
compariso