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1. INTRODUCTION

_Ethics and Choosing Appropriate Means to an End:
Problems with Coal Mine and Nuclear Workplace Safety

Kﬁstin Shrader-Frechette'* and Roger Cooke?

A common problem in ethics is that people often desire an end but fail to take the means
necessary to achieve it. Employers and employees may desire the safety end mandated by per-
formance standards for pollution control, but they may fail to employ the means, specification
standards, necessary to achieve this end. This article argues that current (de jure) performance
standards, for lowering employee exposures to ionizing radiation, fail to promote de facto
worker welfare, in part because employers and employees do not follow the necessary means
(practices known as specification standards) to achieve the end (performance standards) of
workplace safety. To support this conclusion, the article argues that (1) safety requires atten-
tion to specification, as well as performance, standards; (2) coal-mine specification standards
may fail to promote performance standards; (3) nuclear workplace standards may do the same;
(4) choosing appropriate means to the end of safety requires attention to the ways uncertain-
ties and variations in exposure may mask violations of standards; and (5) correcting regulatory
inattention to differences between de jure and de facto is necessary for achievement of ethical
goals for safety.

KEY WORDS: Adminjstrative actions/law; de facto; de jure; ethics; health risk law; performance stan-
dards; pollution standards; regulation; specification standards; uncertainty; variation; workplace

practices, and habits, which are necessary to secure
the end of safety. But how does one choose appro-

The goal of protecting workers and the public is
not always served “by an ever-expanding body of le-
gal regulations enforced by an ever-increasing army
of inspectors.” Regulations do not promote safety un-
less those who create risks take major responsibility
for safety (Le Guen, 1999, p. 9). Those who create
risks and work with them bear primary responsibil-
ity because they typically are able to increase or de-
crease risks and to overemphasize or underemphasize
safety. They often are able to choose the means, the
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priate means to the end of workplace safety? Often
people focus on laws and regulations, de jure safety,
and ignore the means that de facto are necessary to
achieve safety. Often they have not learned the les-
son that criminal-justice experts discovered. Crimi-
nologists know that the way to achieve the end of
deterrence is not always by means of harsher laws
and penalties. The way to “get tough” on crime typi-
cally is not always to impose harsher penalties for ille-
gal actions, because when penalties are severe, judges
and juries sometimes refuse to impose them, even
on people found guilty. But if so, those who argue
for imposing more extreme sentences (like the death
penalty), as means to the end of crime prevention, of-
ten act contrary to their own avowed end. They often
act contrary, in part, because they fail to recognize
the difference between de jure and de facto sentences.
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They erroneously assume that if they pass tougher
de jure penalties, then in their practices of interpre-
tation, judges and juries will impose tougher de facto
sentences. Yet this assumption often is false because,
all things being equal, sometimes the harshness of the
penalty is inversely proportional to the likelihood of
its being imposed (Devine et al., 2001). One lesson
for criminal justice is that dealing with crime and its
sentencing is not merely a matter of theoretical assign-
ment of legal penalties but also a matter of practical
understanding of the behavior of sentencers. Because
criminal penalties are socially constructed in the sen-
tencing situation, legal theorists must take account of
the expectations that govern this social construction.
Otherwise, de facto legal ends will not be realized by
de jure legal means.

If this article is correct, then similar lessons may
hold for workplace risk. De jure safety standards,
that is, performance standards about allowable lev-
els of pollution exposure, as mandated through reg-
ulatory law, will not be met unless one takes account
of all the de facto means to them. That is, one must
take account of all the ways people “socially con-
struct” safety in implementing and applying these
performance standards. One way people implement
and apply performance standards is through specifica-
tion standards. These standards are not actually laws
but are interpretations of what is required to meet
performance standards. They are typically achieved
through actions intended to implement the perfor-
mance standards in a given situation. If this article is
correct, taking account of specification “standards”
requires one to understand the expectations, prac-
tices, and intentions that govern not only the phys-
ical and legal construction of safety, but also its social
construction.

This article argues that current (de jure) perfor-
mance standards, for lowering workplace exposures
to ionizing radiation, may fail to promote de facto
employee welfare. To establish this conclusion, the
article argues for five related points:

(1) Taking adequate account of the social con-
struction of safety requires one, following the
insights of Hollander (1997), to understand
the legitimate expectations, the feasible con-
trol, and the due care likely to be exercised in
the concrete workplace situation.

(2) Many de jure safety laws; performance stan-
dards, touted as equal or better in level of
protection, actually protect less well than
other standards because risk creators, asses-
sors, politicians, and regulators ignore the ex-

Shrader-Frechette and Cooke

pectations, control, and level of care affect-
ing the de facto creation of risk. In part, they
ignore flawed specification standards. A case
in point is ventilation requirements for coal
miners.

(3) According to recent findings by Linkov
and Burmistov (2001), current specifica-
tion standards for workers at U.S. nuclear
plants likewise fail to protect them ade-
quately. Their actual exposures to radionu-
clides are routinely four orders of magnitude
higher than those reported on monitoring
equipment.

(4) At least part of the reason for the flawed pro-
tection of nuclear workers is faulty specifica-
tion standards. Used to interpret performance
standards, these specified practices for mon-
itoring/recording workplace pollution allow
parameter uncertainties and population vari-
ations to mask actual violations. This failure
to achieve the end of safety for nuclear work-
ers similarly arises in part because employers
and regulators ignore the distinction between
de jure safety, mandated by performance stan-
dards, and de facto safety, achieved in part
through practices known as specification stan-
dards. Theyignore the ways that flawed means,
specification standards, reduce de facto safety,
even when performance standards (typically
mandated by regulatory laws), that is, de jure
standards, remain the same. :

(5) Correcting current regulatory inattention to
differences between de jure and de facto
workplace monitoring requires both that
workplace-radiation standards, specification
standards or practices, be improved and that .
government disclose uncertainty-related and
variation-related flaws in current standards.
Once these disclosures are made, workers
rights to free informed consent can help en
sure congruence between performance and
specification standards for pollution.

2. HOLLANDER ON SAFETY

To show that current (what I call “de jure”) p
formance standards for regulating workplace exp
sure to ionizing radiation fail to promote (Wh
call) “de facto” employee welfare, it is necessary
first to show how and why de jure workplace safety’
does not guarantee de facto protection. Workplace
safety is not merély a function of health and safety
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requirements outlined in regulatory law through
performance standards (what exposures are allowed
or not). Rather, workplace safety is also a function
of specification standards (what practices or expecta-
tions are taken as means to safety-performance ends).
Although she does not use the language of “per-
formance standards” and “specification standards,”
Hollander (1997) shows that, if assessors and politi-
cians focus only on risk regulations (what I call “per-
formance standards”) but ignore three main ways
that managers/government officials promote or jeop-
ardize employee safety (through what I call flawed
or missing “specification standards”), then workplace
risks are likely to increase. Illustrating how man-
agers/regulators “socially construct” workplace safety
as a result of different expectations, different levels of
feasible control, and different levels of due care, Hol-
lander gives three examples of what can jeopardize
workplace safety.

Hollander’s (1997, p. 108) first example is that of
a large industrial saw for building materials. The Ger-
man manufacturer of the saw, seeing that it was dan-
gerous for workers to stand near the point at which
materials automatically were fed into the saw, painted
alternating yellow and black stripes on this danger
zone and expected workers to understand to stay away
from it. The manufacturer meant these stripes to func-
tion as a de jure warning. Installed in a plant in the
United States, however, the workers did not under-
stand the German manufacturers’ expectations about
the stripe and about their obedience to it. Instead U.S.
workers stood near the zone and, de facto, had their
arms seriously injured by the equipment.

Hollander’s (1997, p. 108) second example is that
of a large mechanical press whose manufacturer de-
vised interlocks and guards—de jure protections—
that required the single operator to use both hands
to operate it and thus to avoid a situation in which
one of his hands became caught in the press. But the
purchaser of the press wished to increase profits and
speed up production, so de facto, he removed the in-
terlocks and guards that permitted only one person
to operate the press. When two people began operat-
ing the press, after this removal of the manufacturer’s
safety equipment, one of the men placed his hand in
a dangerous area of the press,-and it was crushed.
The press manufacturer expected the purchaser not
to remove the safety equipment and to value his em-
ployees’ safety more than profits. The purchaser, in
turn, expected his employees to accept more haz-
ardous working conditions and, therefore, to exercise
greater levels of due care in operating the press under
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changed conditions. These expectations and exercise
of due care were not realized.

Hollander’s (1997, pp. 108-109) third example is
that of a small Pennsylvania plant full of dangerous
presses. Above the workers’ time-in clock, the instruc-
tions (for how to punch in) were written in Spanish,
whereas all the instructions on the equipment, for how
to operate it, were written in English, but English not
formulated by a native speaker and hence not clear.
Although these English warnings were evidence of at-
tempts to promote de jure safety, Hollander points out
that, de facto, the expectation of the plant owner, that
the workers could understand the safety directions on
the presses, was not met.

As Hollander argues, these three examples il-
lustrate that the de facto workplace is an extremely
complicated cultural phenomenon in which social-
technical behaviors and relationships shape safety and
affect lack of congruity in expectations. Given this
complexity, Hollander warns that workplace safety
is a function not only of regulations about engineer-
ing design and statistical analysis—what I call “de
jure safety”—but also of human expectations, exer-
cising due care and feasible control—what I call “de
facto safety.” But due care and feasible control—
part of morally responsible behavior—require fore-
sight. And one must promote foresight through
habits, training, education, understanding, and im-
provements in complex social behaviors. Otherwise,
people are likely neither to behave in morally respon-
sible ways nor to choose appropriate means to the end
of workplace safety. They may attempt to serve de jure
safety but, like the saw operators and press owners,
fail to realize that they are not serving de facto safety.

3. THE CASE OF COAL MINERS: “REFORMS”
THAT REDUCE DE FACTO SAFETY

Not only do people fail to take account of the
more complex requirements for de facto safety when
they rely merely on engineered or regulated (de jure)
safety, but also employers often appear to pay mere lip
service to de jure safety while, at the same time, pro-
moting steps that decrease de facto safety. In other
words, employers often use the rhetoric of de jure
safety while they actively take steps to reduce de
facto safety. They claim their first priority is workplace
safety, but they fail to exercise the foresight, due care,
and feasible control that Hollander shows are the re-
quirements of both morally responsible behavior and
de facto safety. Consider several recent proposed “re-
forms” in coal mine safety.
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In many ways, the mining industry has been at
the forefront of public health protection. In response
to hazardous working conditions, in 1,890 miners
founded United Mine Workers of America. In 1910,
when the US. government created the Bureau of
Mines, it became part of the first federal investiga-
tion into occupational safety hazards. And the 1969
U.S. Coal Mine Health and Safety Act mandated the
first investigation of occupationally induced illness
and the first federally mandated health compensation
for workers. The goals of these investigations were to
reduce coal dust levels in the mines and to begin a
medical monitoring program for workers, both pro-
grams that have been successful. In the United States
between 1969 and 1989, respirable coal dust in the
mines was reduced by a factor of six (Weeks, 1997,
pp- 80-82).

Recently, however, under pressure from mine op-
erators, the U.S. Mine Safety and Health Adminis-
tration (MSHA), a government agency, has proposed
several changes in mine-ventilation requirements, in
specification standards (see Weeks, 1997). None of
the changes reduces de jure safety, because the mine-
ventilation performance standards remain the same.
Nevertheless, subsequent paragraphs argue that the
proposed changes all reduce de facto safety because
they do away with reliable specification standards for
ventilation (required employer practices or means
to achieve given exposure results or to attain per-
formance standards). Instead, the proposed changes
mandate merely performance standards or ends (that
is, permissible levels of respirable coal dust), regard-
less of whether one’s behavior (as exhibited in spec-
ification standards) is actually a means to the de-
sired end. This weakening of specification standards
is touted as causing no reduction in mine safety and is
part of a more general argument that industry should
be left free to choose the means (specification stan-
dards) to the end of performance standards (NEI,
2001). The argument that industry should be left free
to choose its own specification standards, or means to
the end of pollution control, is based on claims that
such freedom will reduce industry’s pollution control
costs, will increase regulatory certainty, and will forge
government-industry “partnerships,” all without re-
ducing safety (NEI, 2001). Yet the coal-mine changes
do in fact reduce safety because they remove the re-
quirement of certain habits, practices, information,
andrelationships that have been necessary, in the past,
to meet the exposure performance standards. The
proposed rule for respirable coal mine dust requires
(Section 75.370) each operator of an “underground
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coal mine to develop and follow a ventilation plan
that is designed to control methane and respirable
dust in the mine.” Nevertheless, there is “no require-
ment thatthe plans effectiveness be verified” (MSHA,
2003, Section C).

Moreover, if one considers each of the coal-mine
proposals in more detail, then the reduction in safety,
despite the rhetoric of retaining the same level de jure
or performance safety, becomes clear. Subsequent
paragraphs show, among other things, the proposals
for dropping or changing specification standards ac-
tually likely weaken the ability to meet performance
standards. These proposals call for (1) reducing the
MEYV or mean entry velocity of fresh air entering a
working section; (2) permitting the brattice to be more
than 10 feet away from the face of coal; and (3) allow-
ing more than one set of equipment on a single split
of air, among other changes (Weeks, 1997, p. 84).

Industry officials tout the MEV Proposal (1) on
the grounds that it will result in no loss of workplace
safety because the performance standards (respirable
coal dust kept below 2 mg/m> of air) will remain the
same, whereas only the specification standards (low-
ering the MEYV, provided the performance standard
is met) will change. They also claim that changing the
specification standards will preserve safety while giv-
ing mine operators greater freedom (NEI, 2001). In
reality, however, the new standards retain the end or
goal of safety (low respirable dust levels) but they ar-
guably remove the required means (low MEV) neces-
sary to attain that end or goal. And if so, then the pro-
posals retain the rhetoric of safety, the de jure norm of
safety, but they lessen the de facto ability to meet that
safety standard because they take away the means
typically able to achieve it. One reason safety will be
lowered by the change is that measuring MEV (the
specification standard) is easy and gives instantaneous
results. But measuring respirable dust (the perfor-
mance standard or permissible exposure level, PEL)
is far more difficult. Getting the PEL requires the
mine operator to take five samples, over a two-month
period, at the dustiest worksite, and then to aver-
age these numbers over a given workshift. Moreover,
there is a disincentive for the mine operators to report
the correct PEL numbers, because safety violations
bring an automatic citation. Besides, each time the air
is sampled, the mine operator must charge the batter- .
ies of the sampling pump, calibrate the flow rate, weigh
the filter before and after sampling, position the sam-
pling unit correctly, monitor the unit during the work-
shift, and then wait for two weeks (after the samples
are turned in) to receive the results. During these two
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weeks, the bits on the cutting head are changed, the
crew advances further into the seam, ventilation con-
_trols are repositioned, water sprays are readjusted,
and so on. Because of all these difficulties and com-
plexities (associated with knowing one is meeting the
performance standard), the government has required
specification standards (Weeks, 1997, p. 84). Hence,
~ for the government to eliminate MEV specification
_ standards (practices that are easily and quickly mon-
itored and that give instantaneous results), but to re-
* quire PEL performance standards (that are measured
with difficulty, with a disincentive for accuracy, and
" with a minimum two-week lag time), is to retain the
rhetoric of de jure safety but to reduce the practices
that promote de facto safety.

Proposal (2), achieving mine safety “reform” by
changing the specification standards so as to allow the
brattice to be more than 10 feet away from the face
of coal, also arguably retains the rhetoric of de jure
safety but reduces de facto safety. (The brattice is a
floor-to-ceiling curtain at the side of a working face or
seam of coal. Its purpose is to provide fresh air to the
miner and to keep dust at the floor. Mine operators do
not want to move the brattice frequently, as it is labor
intensive.) The new proposals eliminate the specifica-
tion standard (that the brattice be no more than 10
feet from the coal face), provided that the PEL per-
formance standard (respirable coal dust kept below
2mg/m?) is met (Weeks, 1997, p. 85). Yet, asin the case
of Proposal (1), that is, eliminating the MEV specifica-
tion standard, Proposal (2) also reduces de facto safety
while keeping the rhetoric of de jure safety. It reduces

de facto safety because the retained PEL performance
standard is difficult to measure, for all the reasons al-
ready noted, and because mine operators have strong
incentives not to measure accurately. Yet the current

brattice (specification) standard is very easy to em-

ploy (one needs only a 10-foot rod) and gives instan-

taneous results and therefore the potential for quick

correction of problems. Hence Proposals (1) and (2),

to discard the specification standards of MEVs and

brattices, massively ignore the social/practical con-

struction of safety and therefore seem likely to result

in greater mine-safety problems.

Proposal (3) for mine-safety “reform” is similar

to the two previous proposals. This proposal permits

more than one set of equipment on a single split of air.

When fresh air is brought into the mine, it is “split”

many times to ventilate different sets of equipment.

Each set comprises miners, shuttle cars, and equip-

ment (such as roof-bolting machines). Current specifi-

cation standards require that two different groups/sets
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of equipment not be ventilated on the same split of
air because the downwind group would receive the
dust generated by the first group (MSHA, 2003, Sec-
tion C). The proposed changes retain the current per-
formance standard (PEL), but they reject the spec-
ification standard (no two sets of equipment on the
same split (Weeks, 1997, pp. 84-86). Instead, the new
proposals allow two sets of equipment to be on the
same split, provided that the mine operator does not
operate both sets of equipment simultaneously. How-
ever, there is a strong incentive to operate both sets
of equipment simultaneously, because it is not cost-
effective to let a set of expensive equipment sit idle.
Moreover, changing two sets of equipment from the
same split (to separate splits) is as easy as a flip of
a switch. As a result, violations would be virtually
impossible to detect. Besides, OSHA (Occupational
Safety and Health Administration) mine inspectors
are in a given tunnel only about once a year, and oper-
ators often know, ahead of time, when they will arrive
(Corn, 2002). But if so, then the rhetoric of de jure
safety (achieved through performance standards) is
undercut by the proposed specification standards, be-
cause de facto mine safety is likely to be reduced if
two “sets” are allowed on the same split of air.

As the preceding analysis reveals, all three of the
new coal-mine safety proposals, touted as equal or
better in level of protection, actually may protect less
well because they ignore the de facto creation of in-
creased risk because of weakening specification stan-
dards (practices). Instead, mine operators focus only
on de jure or performance regulations, regulations
that are likely to be ignored or violated because they
are not promoted and supported by reliable practices.
As the Mine Safety and Health Administration ad-
mitted, “Because technology that continuously mon-
itors respirable dust and displays dust concentrations
inreal-time is not yet available for use in underground
coal mines, the implementation of effective ventila-
tion plans [specification standards] is the only practi-
cal means of reasonably ensuring, on a continuous ba-
sis, that miners are not overexposed” (MSHA, 2003,
Section C). That is, MSHA says that the specifica-
tion standards are necessary means to meeting perfor-
mance standards. Moreover, in the current regulatory
and fiscal climate, such specification standards also
are likely to be necessary because in 2002 the Bush
Administration is proposing a 6% cut in MSHA, al-
though coal mine fatalities have gone up three years
in a row; in March 2002, Senator Rockefeller of
West Virginia said these cuts would cause a 25% re-
duction in the government’s mine-safety-inspection
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workforce (Corn, 2002). In March 2002, after 13 min-
ersdiedin Alabama, UMWA said the deaths occurred
because MSHA inspectors failed to return, to check
on previous violations, and failed to respond to re-
quests to inspect serious hazards (Corn, 2002). Such
reductions in funds for mine inspections, together with
a 2003 proposed Bush cut of $9 million and 83 po-
sitions in the OSHA; a $28.3 million cut in the Na-
tional Institute for Occupational Safety and Health
(NIOSH); and a $8 billion drop in EPA funding (AFL-
CIO, 2003), all suggest there is currently less money
for mine inspections at the very time more inspections
would be needed, in order to ensure compliance with
performance standards, given weakened specification
standards. If moral responsibility requires foresight in
preventing de facto violations and if the new proposals
seem likely to encourage such violations, especially in
the current fiscal climate, then it is arguable that these
proposals are ethically questionable.

4. AIR MONITORING AT U.S.
NUCLEAR PLANTS

The current situation in U.S. nuclear plants bears
many similarities to that in U.S. coal mines. In both
cases, workers may not be receiving, de facto, the
health and safety protection they deserve and be-
ieve they are getting. Yet de jure, the performance
regulations have not been weakened. Like the coal
miners faced with weakened specification standards
but the same performance standards, nuclear workers
have received, de facto, weaker protection from work-
place pollution, even though the rhetoric of workplace
safety insists that employee protection is paramount.
Given the flawed industry record keeping that has
plagued nuclear workers in the past (see, for exam-
ple, Shrader-Frechette, 2001, 2002, especially ch. 7),
consider next the current situation of employees in
U.S. nuclear plants in more detail, so as to see how
their regulatory protection compares to that of coal
miners.

- According to recent findings by Linkov and
Burmistov (2001), air monitoring for workers at
U.S. nuclear plants fails to protect them adequately.
Linkov and Burmistov argue that workers’ actual ex-
posures to radionuclides are routinely four orders
of magnitude higher than those reported on moni-
toring equipment. If one examines the Linkov and
Burmistov (2001) findings in light of earlier obser-
vations about performance and specification stan-
dards, it may be possible to discover how and why
the exposure readings are flawed. The lapses in

Shrader-Frechette and Cookeé

nuclear worker safety arguably occurred because

flawed specification standards for recording work-

place pollution allowed parameter/model uncertainty

and population variation to mask actual regulatory

violations, to mask failure to meet performance
standards.

5. VARIATION VERSUS UNCERTAINTY

How do flawed specification standards, practices
for recording workplace nuclear pollution, allow reg-

ulatory violations to go undetected? Why are ac-

tual nuclear worker exposures much greater than
reported? One answer is that the specification stan-
dards, for monitoring workplace radiation, fail to deal
adequately with parameter/model uncertainty and
with population variation.

Uncertainty arises in risk assessment because of
gaps in scientific knowledge either about pollutants
and their measurement or about the models that
ought to be used to derive exposure estimates. Para-
meter and model uncertainties are thus parameter
and model unknowns; sometimes these uncertainties
can be quantified, but other times they cannot, as
when they derive from the way scientists frame or in-
terpret the problem at hand (NRC, 1994, pp. 11-12).

Whereas “uncertainty” refers to knowledge gaps
in scientific data, models, methods, and theories, vari-
ation or “variability” refers not to what is unknown
about risk parameters and models, but instead to dif-
ferences among people, either in their levels of ex-
posure or in their responses to the same exposure
because of different susceptibilities. The differences
among people are functions of factors such as age,
lifestyle, sex, genetic makeup, and ethnicity (NRC,
1994, pp. 11, 79). Thus, although variability has to do
with differences among individuals, and uncertainty
has to do with unknowns in models and data, never-
theless the amount of variability is generally itself a
parameter that is uncertain, in part because the en-
tire population that is perfectly representative is gen-
erally never known (NRC, 1994, p. 239). This point
is underscored by comparing the assessments of the
variability in breathing rates and the uncertainty in
dose conversion factors used in Linkov and Burmistov
(2001) with comparable assessments in a recent series
of studies conducted by the European Union and the
U.S. Nuclear Regulatory Commission (see Goossens
& Kelly, 2000; Goossens et al., 2001, pp. 4.2-4.4). The
latter are characterized by distributions that are sig-
nificantly wider than the former. The impact of these
differences has not yet been assessed.

«
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As the preceding paragraphs make clear, the con-
" cepts of uncertainty and variation can share much
.- of the same terminology (such as “upper confidence
“limit,” and “standard deviation”). However, uncer-
tainty refers to ignorance about scientific models/
| parameters, whereas variation refers to differences
among individuals. Uncertainty forces risk assessors
" to determine the likelihood that risks will be overes-
timated or underestimated, whereas consideration of
variation or variability forces them to cope with the
certainty that different individuals will bear risks both
above and below any chosen reference point (NRC,
1994, p. 237).

6. VARIATION AND UNCERTAINTY IN
NUCLEAR-WORKPLACE MONITORING

How do some current specification standards or
practices deal with uncertainty and variation in ways
that mask and underestimate violations of the law
(performance standards)?

Currently, according to 10 Code of Federal Reg-
ulations (CFR) Part 20, “Standards for Protection
against Radiation” (CFR,1977,1994), general or fixed
air surveys (specification standards allowing a single,
fixed, air monitor in a work area at a given work-
place) may be used to assess an internal radiation
dose in order to determine compliance with occupa-
tional regulations (performance standards). Compa-
nies routinely rely on general or fixed air sampling,
alone, to determine workplace compliance with radi-
ation standards. Yet most practices of fixed air sam-
pling can mask significant variability and uncertainty
in the estimated concentrations of radionuclides to
which nuclear workers are exposed. The high uncer-
tainty and variability of the model parameters con-
tribute to large ranges of predicted radiation doses to
workers. To study the utility of air sampling for in-
ternal radiation dose reconstruction and compliance,
Linkov and Burmistov separated uncertainty (related
to the air concentration measurements of radionu-
clides) from variability (caused by population-specific
model parameters such as breathing rate, and dose
conversion factors). Using two-dimensional Monte
Carlo simulations to separate contributions of un-
certainty and variability to the measurements, they
derived input probability distributions for air concen-
trations of radionuclides from empirical air measure-
© ments taken by fixed area air samplers. (Much of the
beta and gamma activity was from radionuclides such
as Cobalt 60 and Cesium 137.) Linkov and Burmistov
- next used sensitivity analysis to discover that most of
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the uncertaintyin the workers’ internal dose estimates
was contributed by use of general air surveys. In one
area of the plant they investigated, they discovered
that air concentrations changed within four orders
of magnitude over two months and within three or-
ders of magnitude within a single day. Because of the
high daily and hourly variations, no single value for
radioactivity—even a mean—can represent the pre-
cise concentration that a particular worker is likely
to inhale in a given day. Although the central limit
theorem states that the uncertainty in the mean is in-
versely proportional to the number of observations,
nevertheless when the quantity varies by orders of
magnitude, no such mean is representative (see NRC,
1994, p. 238). In fact, the National Commission on
Radiological Protection (NCRP, 1998) admits that
general or fixed air samplers can underestimate ra-
dionuclide concentrations by up to three orders of
magnitude, perhaps in part because they can be lo-
cated far from where a particularly high-exposure
workerislocated. Nevertheless, the U.S. Environmen-
tal Protection Agency (EPA, 1992) claims that the
arithmetic mean is appropriate for estimating indi-
vidual worker exposure over the long term.

If Linkov and Burmistov (2001) are correct, one
ought use neither only such arithmeticmeans nor only
fixed air samplers. Instead, one would need to use
personal air sampling, individual bioassays, and reg-
ular whole-body counting in order to reduce the un-
certainty and variation in determining reconstructed
internal dose and regulatory compliance (Linkov &
Burmistov, 2001, p. 70). Nuclear workers are not ad-
equately protected, in part because people rely on
de jure occupational safety standards, performance
standards, but they ignore the de facto threats that
particular practices or interpretations of specification
standards impose on reliable implementation and ap-
plication of performance standards. In the nuclear
case, these practices mask violations and underesti-
mate heavy pollution.

7. LESSONS FROM THE COAL-MINE AND
NUCLEAR-WORKER CASES

As the analyses of Linkov and Burmistov (2001)
reveal, there are at least two de facto scientific prob-
lems with monitoring worker radiation doses. (1) The
EPA allows employers to use practices based on the
arithmetic mean of measured air concentrations, even
though these concentrations may underestimate ex-
posures (and uncertainty) by three orders of magni-
tude. And (2) the CFR allows use of practices based
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on fixed air samplers even though these samples may
range over four orders of magnitude. Because of this
large range of uncertainty, the samples need to be
corrected for given individuals. Thus, with respect to
protecting nuclear workers from excessive radiation,
current practices are inadequate because although the
performance standards (allowable concentrations of
radionuclides) are strict, the specification standards
(practices associated with use of fixed air samplers
and arithmetic means of concentrations to determine
safety violations) are unreliable. Thus the protective
rhetoric of the performance standards is undercut
by the uncertainty and variability of the specification
standards.

In the nuclear-worker case, as already discussed,
the performance and specification standards con-
cerned, respectively, permissible concentrations of
radionuclides, and measurement criteria for deter-
mining these concentrations. In the coal case, the per-
formance and specification standards concerned, re-
spectively, permissible coal-dust exposure levels, and
practical, physical techniques for minimizing those
levels. In the nuclear case, although the specifica-
tion standards mandated use of given measurement
criteria for violations, in the coal case, the specifi-
cation standards mandated use of practical, physi-
cal techniques for reducing pollution. Nevertheless,
in both cases, social use or disuse of these crite-
ria and techniques (specification standards) under-
cut safety. Coal mine safety was undercut by rejecting
one type of protective specification standards (physi-
cal techniques for reducing pollution exposure), while
nuclear-workplace safety was undercut by permitting
one type of unprotective specification standards (un-
reliable criteria for measuring pollution levels).

Why do regulators and industries sometimes pur-
sue such flawed practices or specification standards?
None of us would search for an electron with a flash-
light. We would not use the specification standard of
a flashlight in an attempt to meet the performance
standard of detecting electrons. But if not, why do we
persist in performing analogous actions that are both
scientifically and ethically suspect? Why do we pro-
pose ignoring coal-mine specification standards, like
MEYV (mean entry velocity of air), when we claim
we want to satisfy performance standards like PEL
(permissible exposure levels), even though we know
that meeting MEVs is typically necessary to meeting
PELs? Why do we use unreliable nuclear-workplace
specification standards (based on arithmetic means
for a wide exposure range) when we know that they
do not yield reliable information about performance
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standards, permissible dose? Three answers come tc
mind. One is scientific, one is political, and one is eth
ical. We consider these answers, in turn, and then sug:
gest what they reveal about needed reforms in work:
place safety. -
One scientific explanation for the unprotective
and unreliable approach to coal-mine and nuclear:
workplace safety may be that scientists and managers
want the end, regulatory compliance through perfor
mance standards, but they do not want the means
(specification standards). They may reject the latter
because they say they are too restrictive and inflex-
ible or not cost effective in promoting safety (NEI,
2001). Yet in the case of coal-mine safety, as already
mentioned, it is not clear there are alternative scien-
tific means to the same end of safety both because
there is no requirement for the effectiveness of these
alternatives (MSAH, 2003, Section C) and because
there is currently no equipment for real-time monitor-
ing/display of respirable dust (MSHA, 2003, Section -
C). And if not, then monitoring of effective specifica-
tion standards seems necessary. In the nuclear work-
place case, as already mentioned, the existing prac-
tices or specification standards-are flawed because
they typically err by three or four orders of magni-
tude. Yet those who reject these arguments would
need to show that they have available alternatives
that actually meet the performance standards, and
this arguably has not been done. But if not, then in
both the coal and nuclear cases, those who reject my
arguments arguably want the end (performance stan-
dards) but not the only available means to them. But
to claim to want an end, and not to want the means
to it, is irrational. If scientific regulators want the end
of, and not the means to, workplace safety, then they
are irrational. Their desires for reasonable ends (per-
formance standards) need to be congruent with the
means (specification standards) for those ends. At
present, the two do not seem to be congruent, at least
not in the nuclear-worker and coal-worker cases.
One possible political explanation for the flawed
approach to coal-mine and nuclear-workplace safety
may be that politicians want the rhetoric of safety,
but not the reality of safety. They may prefer mere
rhetoric because coal-mine or nuclear-workplace
safety costs money, and politicians need to keep both
their big donors and their ordinary citizens happy.
To accomplish this contradictory feat, that is, keeping
both groups happy, the politicians need to talk out of
both sides of their mouths. To keep the workers and
ordinary citizens happy, politicians must claim to sup-
port workplace safety, and they must point to strict
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workplace-pollution performance standards. But to
keep their big-industry donors happy, politicians must
emasculate workplace performance standards by (a)
promoting flawed specification standards (the nuclear
case) or (b) removing reliable specification standards
(the coal case). Thus the rhetoric of strict performance
standards serves one goal, while the reality of unreli-
able specification standards serves the opposite goal.
The politicians can talk out of both sides of their
mouths and, what is more, the case studies suggest
they have been able to do so, without getting caught
contradicting themselves.
_ Something like this contradiction may be going
on with current cuts in EPA and OSHA enforce-
ment, with retention of performance standards in the
face of decreased inspections and increased num-
bers of workplace deaths (AFL-CIO, 2002; Mining
Week, 2002). One author claimed that retention of
standards, while allowing specification “flexibility” for
business and decreasing enforcement dollars, allows
such “doublespeak” (Corn, 2002; see IAEA, 2001).

In response to such political allegations, pro-
ponents of free-market environmentalism (e.g.,
Sunstein, 2002, pp. 30, 122) argue that flexible stan-
dardsinthe past have allowed industry toset goals and
meet them cost effectively, as in the case of formalde-
hyde, DES, and uranium tailings. However, even free-
market environmentalists do not argue for specifica-
tion flexibility in areas where performance is hard to
measure, as in the case of air pollution (Sunstein, 2002,
ch. 7). And if not, then it is not clear that such argu-
ments would count against the criticisms made in this
article.

One possible ethical explanation for the unpro-
tective and unreliable approach to coal-mine and
nuclear-workplace safety may be that risk assessors
and managers are not aware of the disclosure re-
quirements that are necessary to free, informed con-
sent (see Beauchamp & Childress, 1989, pp. 78-106).
If managers fully disclosed, to all interested par-
ties, the degree to which specific specification stan-
dards (e.g., personal air monitors) were necessary
to meeting existing performance standards (e.g., for
permissible worker radiation exposure}, then work-
ers would use this information to demand more pro-
tective specification standards. Workers likely would
not consent to being victimized by flawed or unre-
liable specification standards that jeopardized their
health or safety. Flawed worker protection can con-
tinue in part because there has not been full disclo-
sure of the ways (specification standards) managers
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and regulators may fail to serve safety. Because mar-
ket proponents, following Adam Smith, are advocates
of full and free information as essential to efficient
worker and market choices, there should be no quar-
rel with suggestions here for full disclosure to workers.
Moreover, although unions and government also have
duties to inform workers of flawed practices (specifi-
cation standards) that do not lead to meeting perfor-
mance standards, the primary obligation is with the
employer to do so because industry is the risk im-
poser, and the risk imposer must obtain free, informed
consent, because efficient operation of markets, on
which industry relies, require full disclosure and free
informed consent.

If the possible scientific explanation of the flawed
congruence between performance and specification
standards is right, then scientists and managers may
not be deliberately sabotaging workplace safety, but
merely naive about what can undercut it. If the pos-
sible political explanation of the flawed congruence
between performance and specification standards is
right, then some politicians and regulators may be
sabotaging workplace safety, perhaps at the behest
of powerful vested interests. If the possible ethical
explanation of the flawed congruence between per-
formance and specification standards is right, then at
least in the nuclear and coal cases, ethicists may be
remiss in not promoting greater disclosure of the ef-
fects of flawed specification standards on performance
standards. Regardless of which, if any, of these pos-
sible explanations is correct, they suggest (1) that as-
sessors, scientists, ethicists, and managers need to be
aware of the ways that they and others choose means
that may not lead to the end of workplace safety be-
cause of inattention to specification standards. These
possible explanations also suggest (2) that ethicists
should be more attentive to the ways in which sci-
entists, politicians, assessors, and regulators may be
speaking out of both sides of their mouths, appeal-
ing to the rhetoric of strict performance standards,
while allowing lenient specification standards to un-
dercut them. Finally, these explanations suggest (3)
that, regardless of the most desirable way to promote
workplace safety and congruence between specifica-
tion and performance standards, a good place to begin
is by disclosing the facts of the reliability or unrelia-
bility of various performance standards. Once such
facts are made public, workers and citizens can unite
to take corrective action, to ensure that de jure or
regulatory intentions about safety are recognized and
reinforced, de facto, in the workplace.
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8. CONCLUSIONS

If the arguments of this article are correct, then
some allegedly safe U.S. workplaces may enjoy merely
de jure safety, in part because they ignore the de
facto ways that regulators, workers, and employers in-
terpret performance standards by means of allowed
practices known as “specification standards.” Tougher
workplace performance standards can help to create
greater justice and worker safety only if two condi-
tions are met: (1) the stricter standards themselves
promote greater justice and safety, and (2) practices
or interpretations (specification standards), used as
means to the end of stricter performance standards
actually work. We already know that (1) and (2) are
false in the criminal-justice case. The stricter penalties
do not always lead to stricter sentences (Devine et al.,
2001). If the arguments in this article are correct, then
there may be good reasons to believe that (1) and
(2) also are false in the cases of coal-mine workers
and nuclear workers. Thus, if the arguments of this
article are correct, then one must examine not only
employer claims (and performance standards) about
safety but also the employer practices (and specifica-
tion standards) that actually contribute to, or jeopar-
dize, worker safety.
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