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This article is a report of work carried out during visits to Australia, Britain, Norway, and Russia
for the purpose of becoming acquainted with the various processes of setting occupational
exposure standards in those countries. The article reviews the processes by which occupational
exposure standards are developed from country to country, examines the role of the
occupational hygiene discipline in their development and implementation, and reflects on the
complex philosophical and practical issues that surround them and the prospects for

international harmonization.
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he subject of occupational health touches

on many disciplines. An occupational

health policy is the outcome of political

behavior by which individuals or groups
of individuals, often representing parties with
competing interests, strive to influence an end-
point in the form of occupational health-related
legislation and regulation. That general endpoint
is based on consensus about the ways in which
occupational health is valued in a responsible so-
ciety. A specific regulation derives from the spe-
cific value that society gives to a particular aspect
of occupational health, and to the factors that
influence it or are influenced by it. If the policy
is an envelope that identifies the scope for im-
plementation of the regulation, incorporating all
the other factors that society at large needs to
take into account, a standard is defined as a mea-
surable reference point consisting of specific
guidelines by which the desired objective can be
quantified and achieved.

In general, there are different types of stan-
dard that may relate to a wide range of aspects
of the system of interest, and these may include
guidelines for design, operation, performance,
ctc. One area of occupational health policy con-
cerns the standards by which workplace environ-
ments and workplace practices may be properly
maintained to avoid occupational sickness and
injury arising from occupational exposure to haz-
ardous substances or agents. Occupational hy-
gienists are an important interest group in this
scenario. These are people with multidisciplinary
scientific training traditionally grounded in the
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major core subjects of physics, chemistry, biolo-
gy, and mathematics and statistics, along with
toxicology, physiology, epidemiology, environ-
mental health and biostatistics, working along-
side—and complementary to—occupational
health physicians, toxicologists, and nurses.
Whereas these professionals come to occupation-
al health primarily from the scientific perspective,
it is, however, a fact of life that much of what is
embodied within occupational health standards
policy falls outside the scientific domain and into
the area of the socioeconomics and sociopolitics.
As a result, the dialogue about occupational ex-
posure standards may involve interesting inter-
disciplinary debate among groups that are (fre-
quently) in competition or find it difficult to
communicate with sufficient eloquence across
disciplinary boundaries. In turn, therefore, the
dynamics of the development and implementa-
tion of occupational exposure standards are com-
plex and fraught with many problems.

This article is a report of work carried out
during December 1996 to March 1997 that in-
volved trips to Australia, Britain, Norway, and
Russia to participate in seminars; extensive dis-
cussions with scientists, officials, and policy mak-
ers; and meetings of national standards-setting
bodies. The purpose of the exercise was to be-
come acquainted with the various processes of
setting occupational health exposure standards in
the countries visited: to examine similarities and
differences and so identify what is generic. The
article is in two parts. The first articulates a ge-
neric model for an occupational exposure stan-
dard, reviews the contrasting standards-setting
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philosophies and processes in the countries visited and in the Unit-
ed States, and identifies the roles of the occupational hygiene dis-
cipline and community in those countries. The second part springs
from both the factual information that was gained during the visits
and the many philosophical discussions that took place. It com-
prises a commentary on what parts of standards setting can be
described as ““scientific”” (and hence potentially generic to all), rea-
sons why there are disagreements among scientists in so many
areas, the points where politics and other nonscientific consider-
ations enter the process, the extent to which science is ultimately
significant in the way occupational standard setting plays out in
reality, and the inevitable changing face of occupational hygiene.
Ultimately, it is hoped, discussion of these issues should illuminate
the path toward at least some degree of international harmoni-
zation of occupational health standards.

A FRAMEWORK FOR OCCUPATIONAL
EXPOSURE STANDARDS

n the context of occupational health, the term hazard is used by

many to refer to an intrinsic property of an agent that reflects its
potential to cause harm. On the other hand, #isk reflects the prob-
ability of actual harm under the conditions where the agent is
encountered. Although these are not the same, they are frequently
confused. For practical purposes, therefore, it is perhaps more
helpful to think in terms of the more accessible index, exposure,
one definition of which might be “‘the intensity, time-averaged in
some appropriate way, of the agent of interest at the relevant in-
terface between the environment and the biological system rep-
resenting the worker.”” It is exposure that drives the risk and so is
most directly the object of control strategies. So it would appear
to be a good basis for a standard.

If the definition given is applied to an airborne chemical that
may be inhaled, the “intensity” is then the airborne concentration
(say, in milligrams per cubic meter) and the “relevant interface”
is the region of the respiratory tract where the agent first comes
into contact with the exposed subject at a location where it can
influence the outcome of the disease in question. So, for example,
for dust exposure in relation to silicosis, a disease of the alveolar
region of the lung, the exposure of interest is the concentration
of inhaled particles of crystalline silica that are small enough to
penctrate down to and deposit in that region. A standard for silica
therefore aims to lower exposure to those most relevant silica par-
ticles so that the risk of silicosis is minimized. If no silica particles
can penetrate down to the alveolar region, that risk becomes zero.
More widely, the general definition of exposure applies directly
also to other chemical agents that occur in the forms of gases and
vapors, as well as biological agents in the form of fungi, bacteria,
viruses, e¢tc. Even more widely, it also applies to physical agents
(e.g., noisc and vibration, ionizing and nonionizing radiations,
heat, etc.).

From the definition of exposure comes the concept of an oc-
cupational exposure limit (OEL), reflecting the maximum level of
exposure that can be accepted (according to whatever definition
of acceptable is applied). In turn the OEL becomes an important
component in an occupational exposure standard. The other im-
portant components are exposure measurement and, where ap-
propriate, exposure control. An ideal health-based standard should
therefore contain:'"’

(1) Criteria for exposure, which identify the agent and its specific
physical, chemical, and /or biological properties relevant to a spe-
cific adverse health outcome.
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(2) Reference to monitoring instruments and analytical methods
with performance characteristics matching the defined exposure
criteria.

(3) Reference to a monitoring strategy that sets out to assess ex-
posure in a manner representative of the temporal histories and
variability of workers’ exposures.

(4) A health-based OEL based on considerations of the effects of
exposure at various levels, known incidences of the prevalence of
the health outcome in question, and what might be an “accept-
able” level of risk.

When the standard is set out in this way, it becomes obvious
that, strictly, an OEL cannot be assigned until consideration has
been given to the other items listed. This becomes particularly
clear for acrosol exposures where the evaluation of the health ef-
fect includes not only consideration of the intrinsic toxic proper-
ties of the particulate material in question but also its physical
properties (i.c., particle size, shape, density), which govern how
the particles are transported within the respiratory tract. For such
exposures, research has delivered a good understanding of the
physical nature of how airborne particles are inhaled and, based
on knowledge of nasopharynx and lung physiclogy, how they pen-
etrate to and are deposited in the various parts of the respiratory
tract. From such understanding, particle size-selective criteria have
been proposed that in turn may be linked with specific types of
health effect. Such criteria provide quantitative guidelines for the
design and testing of sampling instruments that can collect par-
ticles in a manner appropriate to the health effect of interest. To
a large extent we now know how to design and test such instru-
ments. In addition, analytical instrumentation is available that can
quantitate the sampled fractions that belong in specific chemical
groups. Further, the statistical properties of worker exposure
across a wide range of industries have been studied extensively so
that contributions to within and between-worker exposure vari-
ability are well understood.?* Therefore, it is fair to say that, for
these parts of the standard, there is the potential for wide inter-
national agreement based on science.

But, even if we can assert that scientific agreement on these
parts of the standard is within reach, the setting of the actual
numerical value for the OEL is much more problematical. For a
single, relatively well-defined adverse health outcome in a single
subject, the principle of the OEL is usually discussed formally by
reference to the hypothetical ““dose-response” curve, which relates
the probability of the outcome arising from a given exposure.
Usually this is accompanied by the assumption that the exposure
occurs day after day for the complete working life of the subject.
Most idealistically, the OEL may be defined by the point in the
curve below which the outcome becomes unobservable (the no-
observed-adverse effect level, NOAEL). But such a curve may or
may not have a threshold in reality; and, even if it does, the thresh-
old may not be observable. Further, for a whole population of
such subjects (as is more relevant for an actual occupational ex-
posure standard), the curve becomes bounded by uncertainties
arising from intersubject variability in the population in question.
In addition, there are further uncertainties that derive from the
quality and quantity of the available experimental or observational
data. As a result of all these factors, it would therefore appear that
the strict NOAEL concept is not in itself very helpful in setting
practical OELs. Rather, to be realistic, some judgment is required
that allows for the inevitable uncertainty that exists. This is usually
achieved by the application of certain language that provides the
necessary flexibility. Carter, for example, refers to “the ability to
identify, with reasonable certainty, a concentration averaged over
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a reference period, at which there is no indication that the sub-
stance is /ikely to be injurious to employees if theyv are exposed by
inhalation day after day to that concentration.” Here, however,
the terms reasonable certainty and ltkely imply a degree of uncer-
tainty, which in turn leads to the inevitable question about what
is the level of acceprable risk. In a recent article, Fairhurst* de-
scribed an OEL as being derived in practice from (a) reliable data
from relevant human populations exposed to known concentra-
tions where there is at least one level showing no clear-cut adverse
health effect, and (b) confidence from the general toxicological
picture that other possible health effects that are difficult to mon-
itor directly in humans (e.g., mutagenicity, reproductive toxicity,
etc.) give no cause for concern. This pragmatic approach seems
appropriate for most practical standards-setting purposes. Fairhurst
also notes the limitation of the NOAEL concept, and discusses
the application of “‘uncertainty factors’ (or “‘safety margins”) to
bridge the gap between an actual OEL that standards-setting
bodies are obliged to assign in the real world and the hypothetical
NOAEL. The uncertainty factor that nceds to be applied will be
lower the greater the quality and quantity of the available data,
and will be lower the more human data are available.

There are other uncertainties or questions that further com-
plicate things. If there is more than one health effect, which
should take priority in the setting of the OEL? For animal studies,
what is known about interspecies differences and extrapolation to
humans? For epidemiological studies, what are the quality and
quantity of the exposure data? How do we deal with the mixed
exposure that prevails in most practical situations, perhaps involv-
ing different elements and/or different compounds of the same
clement? For such mixtures, there may be biological interactions
that are additive, synergistic, or antagonistic in ways not at all well
understood.

For some substances, the adverse effect arising from exposure
may be less specific (c.g., irritancy), so that the toxicologically
based dose-response curve approach may not be an available op-
tion. Such cases therefore require a simple, more intuitive inter-
pretation of the available evidence.

From the preceding it is clear that, in the part of the standard
where we come to discuss numerical values for OEL, there is scope
for wide disagreement even among scientists. The situation is
compounded still further by the fact that many of the scientific
issues raised cut across scientific disciplinary boundaries, where the
languages, paradigms, and basic underlying philosophies can be
quite different. This brings us into the realm of “‘trans-science”
where questions can be asked of science but not answered by sci-
ence and so where the authority of science is decreased. In this
area, players can stake out a claim over an issue at the interface
between disciplines, creating a boundary dispute over what part
of the problem is—and what is not—*scientific.”” In the end, the
scientific discussion is itself subject to value judgments, so that
even the development of a supposedly scientific OEL is far from
being truly objective.

Health-based standards, which have been the subject of all the
preceding discussion, represent the ideal by which we would ex-
pect to be able to protect the health of all workers. An idealist
might argue that nothing less should be accepted. But, in the real
world, we have the type of standard that is embodied in public
policy and so is enforceable by law. Public policy cannot be de-
termined by scientists alone, but must also involve those who are
ultimately accountable to society at large. Other forces come into
play so that a regulatory standard inevitably includes not only the
scientific argument about how much exposure leads to how much

ill-health but also considerations of technical feasibility and socio-
economic and sociopolitical factors. In addition, the contribution
of cultural and moral dimensions cannot be ignored. The result is
a pragmatic OEL that, hopefully, represents a fair compromise
between all the competing factors. For many substances it is in-
cvitable that this may be set at a higher level than the correspond-
ing health-based OEL.

The issues and dilemmas raised in the preceding have no doubt
been wrestled with by all standards-setting bodies, and some will
be brought out further by reference to the examples given below.

REVIEW OF OCCUPATIONAL
EXPOSURE STANDARDS

Most developed, and many developing, countries have OELs
embodied in national occupational health policies. But they
can vary greatly from country to country, not only in how the
OELs themselves arc defined but also in how they are developed
and applied as part of public policy. Consideration of such differ-
ences—as well as similarities—provides an essential part of any dis-
cussion that might ultimately be conducted about international
harmonization. Many aspects have been reviewed extensively else-
where, most notably by Cook® and more recently in a report
sponsored by the Chemical Manufacturers’ Association.'® Each re-
port covers a wide range of countries and jurisdictions. Here a
review is presented of a small number of contrasting national stan-
dards-setting processes in Australia, Norway, Russia, the United
Kingdom, and the United States, based on visits to participate in
in-depth individual and group discussions with key players in those
countrics during the period December 1996 to March 1997, In
drawing together what was learned, an attempt is made to evaluate
the dynamics of the interactions between the various players in
those countries, and in particular the roles of the occupational
hygiene discipline and occupational hygienists. Through this, we
may cxamine what can be generalized among systems, and hence
what is generic to the standards-setting process.

Health-Based Standards

The first purpose of an occupational health standard is its appli-
cation as a guidcline to be interpreted and used, within the realm
of the professional judgment, by the occupational health specialists
who are charged with protecting their workforces. A primary
source over the past 50 vears has been the American Conference
of Governmental Industrial Hygienists (ACGIH), as reflected in
its annually updated list of OELs, termed threshold limit values
(TLVs®),” and the supporting documentation and other materials
generated by its TLV Committee. Since its first appearance in
1946, the list of TLVs has come to be regarded as an international
benchmark for many other standards-setting bodies.

ACGIH specifies 8-hour (workday) time-weighted average ex-
posure concentration levels (TLV-TWAs) to which “wmearly all
workers may be repeatedly exposed, day after day, without adverse
effect.” For some substances it also specifies 15-minute TWA
short-term exposure limits (TLV-STELs) that “should not be ex-
ceeded at any time during a working day, even if the 8-hour TWA
exposure is within the TLV.” For substances with a TLV-TWA
but no TLV-STEL, excursion limits are specified. Further, for
some substances, ACGIH specifies ceiling levels (TLV-Cs) that
“should not be exceeded even instantancously.” Where appropri-
ate, substances are denoted in terms of categories that reflect their
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carcinogenicity and their propensity to be absorbed through the
skin.

OELs like those published by ACGIH are derived from science
and, within the recognized uncertainties like those mentioned ear-
lier, are generally regarded by most fair-minded observers as being
“health-based,” at least to the extent that is possible based on the
available information. They are derived from the best available oc-
cupational hygiene, medical, toxicological, and epidemiological
data together with a balanced evaluation of exposure, dose, and
response. Here the central body of information is regarded as that
contained in the open, peer-reviewed literature. However, material
in reports and documents from other useful sources may be con-
sidered. In addition, the ACGIH TLV Committee may also re-
ceive information, written or in the form of oral presentations,
from interested outside groups.

Although ACGIH itsclf is a premier and respected institution
representing specifically the learned and professional occupational
hygiene community, the TLV Committec is made up of a voting
membership comprising ‘““‘independent” experts in all relevant
fields drawn from the government and academic communities. [t
may also contain nonvoting members from industry or workers’
organizations. Its three subcommittees—miscellancous organic
compounds, dusts and inorganic substances, and compounds con-
taining hydrogen, oxygen, and carbon—consider new substances,
or revisit previously considered ones, on the basis of nominations
from its membership. Briefly, the main steps in the process are as
follows:

(1) A list of substances being considered is published annually in
the TLV booklet, and information and data are solicited from all
interested parties.

(2) The information is passed on to the appropriate subcommittee
where, if it agrees to proceed, one of the individual members is
nominated to be responsible for researching and assembling the
complete documentation. During preparation of the documenta-
tion, the relatively small number of ACGIH full-time staff assigned
to the TLV Committee provide mainly administrative support
(e.g., conducting literature searches, facilitating committee inter-
actions).

(3) A new TLV is proposed based on the data contained in the
documentation, and the TLV Committee votes on whether to
proceed. If it is agreed, the proposed new TLV is listed under the
Notice of Intended Changes in the next published TLV booklet,
where it will remain for at least 1 year, during which time com-
ments and new data may be considered from all interested parties.
(4) At the appropriate time, the TLV Committee may agree to
recommend the new TLV to the ACGIH board of directors for
voting by the whole ACGIH membership at its annual business
meeting. If approved, the new TLV is incorporated into the TLV
booklet at the next opportunity.

The ACGIH occupational exposure standards developed in this
way are distinctive because they are derived without regard to any
specific countries’ national policies and legislation. Neither do they
take account of technical feasibility or socioeconomic considera-
tions. In their application, it is implicit that the specialists who
interpret and use them are sufficiently well educated, in breadth
as well as depth, to make the necessary judgments. Perhaps for all
these reasons they are widely admired and have traditionally been
very influential beyond their original, and still primary, charge.
Even so, they have not been free of criticism, there having been
some much-publicized scepticism in some quarters about the in-
dependence of the TLV process.® Nevertheless, the TLVs have
been widely applied, to varying degrees and at least as a starting
point, in many individual national occupational health policies.
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National Regulatory Standards

As already mentioned, beyond ACGIH and other independent
bodies that purport to specify truly “health-based” OELs, stan-
dards setting within individual nadonal regulatory frameworks
usually also involves considerations of technical feasibility and so-
cioeconomic and sociopolitical factors. This, therefore, is where
considerable differences can emerge. Four contrasting national
models have been studied and provide examples by which to il-
lustrate the differences as well as the similarities. A fifth example,
the United States, is included for the purpose of comparison.

United States

Regulatory OELs in the United States are set and enforced, under
the 1970 Occupational Health and Safety Act, by the Occupa-
tional Safety and Health Administration (OSHA). These OELS
have been published since 1971 and have some similaritics with
the TLVs, where the direct equivalents to the TLV-TWAs are the
permissible exposure limits (PELs). As with the TLVs, the primary
intention in the first instance is to protect most, but not necessarily
all, workers. There are also corresponding short-term, ceiling, and
excursion limits. In addition to these, there is for each substance
an action limit specifying the conditions under which certain ini-
tiatives may be taken within the standard (c.g., by an inspector).
Originally, all the OSHA limit values were based directly on a
combination of the OELs promulgated by ACGIH (i.e., the
TLVs) and the American National Standards Institute (ANSI), al-
though provision was made under the Act to add to and update
the list independently. But progress was slow, such that less than
30 such modifications were made during the following 15 or so
years. In 1989 OSHA attempted a sweeping update by proposing
revised PELs for more than 400 substances in a single rule. How-
ever, this was deemed by some as inconsistent with the original
Act and, following court action in 1992 (between the trade unions
and OSHA), there was a return to the original process. This means
that a high proportion of most current PELs presently remain
based on the original, now largely outdated, 1968 TLVs that were
applied at the outset.

The process by which OSHA sets new PELs is complex and
heavily influenced by court rulings and the legal process in general.
In summary:

(1) OSHA decides, or is advised (with the help of its advisory
committee ), that the time has come for a new standard for a given
substance, and files its intention with the Office of Management
and Budget (OMB).

(2) There follows coordination between relevant agencies and ex-
changes of comments and opinions, and there may be publication
of appropriate notices and a public hearing.

(3) For each substance, expert working groups within OSHA, to-
gether with selected external consultants, review all relevant lit-
erature and other information, and propose the PEL.

(4) A proposed rule is formally published, and all interested parties
may respond by submitting written comments and objections and
by requesting a further public hearing.

(5) Based on the comments and the results of the hearing, a de-
cision is made whether to proceed with the standard.

(6) After all the comments have been addressed, and if it is then
decided to proceed, the final standard is drafted and reviewed by
the United States Department of Labor’s Policy Review Board and
by OMB.

(7) The rule (embodying the standard) is developed, legal chal-
lenges are made and responded to, and eventually the rule be-
comes law.
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In its preparation of new standards, it is likely that OSHA con-
siders the same basic scientific peer-reviewed literature as that con-
sidered by ACGIH and most of the other standards-setting bodies.
It also considers studies that have not been peer-reviewed, such as
information triggered by the request for written comments. In
addition, it takes into account published OELs and other relevant
information from bodies in the United States (e¢.g., ACGIH, the
National Institute for Occupational Safety and Health [NIOSH])
and elsewhere (c.g., the International Agency for Rescarch on
Cancer, the Nordic Expert Group on Limit Value Documentation
[NEG]). Up to this point, the considerations may be said to be
scientific, leading to a standard that is health-based. Bur here the
direct similarity with the TLVs ends, because OSHA goes further
to take account also of technical achievability for affected indus-
trics. Additionally, it carrics out economic impact analysis to ¢n-
sure that the resultant federal regulation will not impose undue
burdens on industry. There is special concern for smaller busi-
nesses. By these additional steps beyond the setting of the health-
based OEL, the PEL that appears in the final regulation may be
higher than its corresponding health-based value.

Occupational health standards in the United States are en-
torced by the OSHA inspectors, who may apply them rigorously,
based even on a very small number of samples in an exposure
assessment. This means that the variability present in all occupa-
tional exposures to airborne contaminants can in turn lead to cor-
responding variability in how the regulations are applicd.

The development and implementation of occupational health
standards in the United States today is underpinned by a strong
learned and professional occupational hygiene community. It was
in the United States that the new discipline of occupational hy-
giene first emerged as such, and the focal points for scholarly and
professional activity there for the past 50 years have been ACGIH
and the American Industrial Hygiene Association (ATHA). Where-
as in the carlier days, specialists entered occupational hygiene in-
directly from other fields, most notably engincering, the new
cmerging generation comes with primary and advanced training
specifically in occupational hygiene itself. Here, a major stimulus
for the past 20 vears has been the specialized, graduate-level oc-
cupational hygiene training available through programs sponsored
by NIOSH, in particular at the Educational Resource Centers that
NIOSH tunds at 15 universitics nationwide. The graduates from
such programs arc highly sought after by industry (as corporate
specialist occupational hygienists), government (as inspectors, re-
scarchers, and policy makers), and educational institutions. The
scale of the national occupational hygiene community in the Unit-
ed States is reflected in the membership of ATHA, which currentdy
runs at close to 12,000. Professional certification of practicing oc-
cupational hygicne professionals is achieved through the Certified
Industrial Hygicnist (CIH) qualification, administered by the
American Board of Industrial Hygiene (ABIH). Accreditation of
postgraduate training programs is achieved through the Industrial
Hygiene Related Accreditation Program of the Accreditation
Board of Engincering and Technology. From all the preceding, it
is scen that the United States has achieved a highly developed
community of learned and professional occupational hygiene spe-
cialists. This in turn ensures that occupational health standards in
the United States are handled at all levels by appropriately quali-
fied individuals.

United Kingdom

Since 1989, following the enactment of the Control of Substances
Hazardous to Health (COSHH) regulations, the framework for
sctting occupational exposure standards in Britain has centered on

the Health and Safety Commission (HSC) and the Health and
Safety Executive (HSE). In 1989 the Working Group on the As-
sessment of Toxic Chemicals (the WATCH Committee) was
formed, with a view to providing a forum for a wider scientific
discussion of OELs, including a more critical appraisal of “im-
ported” OELs and the development of homegrown ones.
WATCH makes recommendations on OELs to the Advisory Com-
mittee on Toxic Substances (ACTS) which in turn passes them for
action to HSC. For a given substance, WATCH develops a nu-
merical occupational exposure standard (OES), provided that (a)
““The available scientific evidence allows for the identification, with
reasonable certainty, a concentration averaged over a reference pe-
riod, at which there is no indication that the substance is likely to
be injurious to employecs if they are exposed by inhalation day
after day at that concentration™; (b) excursions about the OES of
the type that might be expected to occur in practice are unlikely
to result in scrious health effects; and (¢) the proposed OES can
be reasonably complied with by industry. Otherwise, WATCH rec-
ommends that a maximum exposure limit (MEL) be developed.
In this case, WATCH refers the issue to ACTS, which then be-
comes the forum for the development of the MEL for the sub-
stance in question.

From the preceding it is scen that, while both the OES and
MEL may be regulatory OELs, the OES, if it is developed, is
considered to be health-based. So the OES is somewhat analogous
to the corresponding TLV. By contrast, if the MEL alternative is
followed, it embodies substantial considerations of technical fea-
sibility and sociocconomic impact. While it is intended to indicate
the exposure level that should never be exceeded, it is explicit that
the MEL provides no absolute protection against disease. So it is
expressly stated that industry should strive to reduce its workers’
exposures as far as is reasonably practicable below the MEL. In
general, while it is fair to say that the starting point for British
OELs used to be the TLVs, and that many of the OES values
currently listed remain the same as the current TLVs, the United
Kingdom is working vigorously toward developing an increasing
proportion of homegrown occupational exposure standards. The
actual process by which OELs are sct in Britain is summarized
briefly as follows:

(1) WATCH and ACTS prioritize substances requiring work to-
ward OELs. HSE then carries out a comprehensive review of the
published and unpublished literature, including not only toxico-
logical and medical data but also relevant current and past expo-
sure data.

(2) For cach substance being considered, HSE presents its report
(in the form of a “criteria document”) to WATCH, including also
its own recommendation for what type of OEL is appropriate and,
if it is an OES, the numerical value.

(3) WATCH discusses the matter and decides whether the sub-
stance under consideration meets all three of the criteria for an
OES. If so, the discussion continues on the basis of health effects,
and a recommendation for a numerical OES value is passed to
ACTS. If ACTS endorses it, it is then subject to public consulta-
tion before final endorsement by HSC and adoption. Alternatively,
if once or more of the OES criteria are not met, a reccommendation
for an MEL is passed dircctly to ACTS without further discussion.
ACTS now assumes the responsibility for developing the numer-
ical MEL value.

(4) HSE consults with interested parties in developing a MEL that
takes into account not only relevant health information but also
socioeconomic and sociopolitical factors and the results of appro-
priate cost-benefit analysis. HSE then forwards its proposal for an
MEL to ACTS.
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(5) Following ACTS agreement, the proposal for an MEL is put
to HSC sccking permission for public consultation. Following
such consultation, the proposal is again submitted to HSC which,
providing the proposal is still supported, recommends it to Parlia-
ment for approval.

{6) The proposed MEL is published for public comment and dis-
cussion and is ultimately finalized and written into law.

For consideration by WATCH, HSE prepares exhaustive infor-
mation for the criteria document for each given substance, draw-
ing on its large and highly qualified body of toxicological, medical,
occupational hygiene, epidemiological, engincering, and other
specialists. The material generated is circulated to the WATCH
members before cach mecting and is followed up by summary
presentations by HSE specialist staff at the meeting itself. WATCH
itself has tripartite representation, comprising experts nominated
by industry (through the Confederation of British Industry) and
trade unions and independent experts nominated by HSE itself.
Most arc drawn from industry or academe. Although the industry-
and union-nominated members are appointed to represent their
constituents, in the dynamics of WATCH, the tradition has grown
that each expert speaks independently without explicit reference
to his or her affiliation or source of nomination. Any potential
conflicts of interests are explicitly declared at the outset of the
discussion on each given substance. During such discussion,
WATCH is prepared to receive presentations from interested out-
side partics. During its meetings, it also receives presentations on
new issues or aspects of standards sctting that might be expected
to feature in discussions on specific OELs at future mectings. It
is worth reiterating that, although most of the discussion at
WATCH is learned and scientific, and so may be comparable to
that in the ACGIH TLV Committee, the component that ad-
dresses current and past exposures (aimed at evaluating the feasi-
bility of any OES that might be recommended) adds an additional
layer and, with it, a very strong occupational hygiene component.
The overall atmosphere at WATCH is one of collegiality. ACTS is
similarly tripartite in its membership, but is necessarily broader—
and more overtly political—since it must also provide a balanced
reflection of the interests of the various interested parties in areas
that go beyond science. HSC itself is also tripartite.

From the preceding, it is seen that consensus is carefully built
into cach stage of the British standards-setting process. So the
likclihood of legal challenges to the actual resultant standards
themselves is greatly reduced. This has been borne out in practice.
In the enforcement of the actual regulation, the traditional role
of the HSE inspector has been to work constructively with, rather
than against, the employer. So a degree of flexibility is used in
deciding whether, in a given situation, the industry is in or out of
compliance with the standard and on what actions nced to be
taken to correct matters or apply formal sanctions. In this way,
implicit recogniton is given to the great variability that exists in
occupational exposures to airborne contaminants.

Like the United States, the United Kingdom also has a long
history in learned and professional occupational hygienc, thus en-
abling similarly highly informed discussion about occupational
health standards and their application. The ficld was certainly ac-
tive in Britain in the period immediately after the First World War
(and until the Great Depression). For example, in 1918 the
Health of Munition Workers Committee, in its Final Report on
Industrial Health and Efficiency, reported that “there is apparently
an increased appreciation of the importance of the whole question
of industrial hygiene.” In its conclusions, the committee called for
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further research (which followed, mostly through the British Med-
ical Research Council) and general application of occupational hy-
giene. The latter was not taken up until much later. Stimulated by
activities on the other side of the Adantic, the British Occupational
Hygiene Society (BOHS) was founded in 1953, and rapidly be-
came the focus for the emerging new occupational hygicne dis-
cipline in the United Kingdom. Its current membership now
stands at more than 1200. BOHS is a “broad church,” incorpo-
rating not only specialist occupational hygienists but also occu-
pational physicians and individuals from other disciplines—in fact,
anyone whose activitics and researches touch on occupational hy-
giene in any way is cligible for membership. Although in the carly
years, BOHS was itsclf involved in developing exposure standards,
it has been less active in this area since the appearance of the
COSHH regulations in 1989. Now it functions in the national
standards-setting process in an important consultative role with
the regulatory body, providing expert input and acting as a sound-
ing board to HSE (which in turn is highly receptive to such a
relationship). In the 1980s the need was identified for a separate
body to represent practicing occupational hygiene professionals
specifically. So, in 1981 the Institute of Occupational Hygicnists
was founded, with its members certified in the practice of occu-
pational hygiene by the British Examining Board in Occupational
Hygience. Although specialized postgraduate training in occupa-
tional hygiene has taken place at several universitics for many vears,
there is no coordinated emphasis (and funding) commensurate
with the NIOSH program in the United States. Nonetheless, it is
clear that the United Kingdom has a large and well-qualified oc-
cupational hygicne community that plays an active role at all levels
of occupational exposure standards setting, implementation, and
enforcement.

Australia

The current framework for occupational exposure standards in
Australia is based on the 1985 National Occupational Health and
Safety Commission (NOHSC) Act. The commission itself is tri-
partite, involving industry and emplovers, trade unions, and gov-
ernment (state/territory and commonwealth). While NOHSC is
somewhat akin to the HSC in the British system, the Standards
Development Standing Committee (SDSC) is equivalent to
ACTS. In turn, the Exposure Standards Expert Working Group
(ESEWG) is cequivalent to WATCH. Although ESEWG is, like
WATCH, a tripartite body made up of members nominated by
industry, the trade unions, and government itself, the operating
radonale is somewhat different. The aim of ESEWG is to rec-
ommend OELs that “according to current knowledge, should nei-
ther impair the health of nor cause undue discomfort to nearly all
workers.”” There is no qualitying criterion that addresscs the fea-
sibility or otherwise of achieving the designated OEL.
Historically, back in 1986, the starting point for Australian
OELs was the TLV list. Although the TLVs remain influential
today, and indeed many of the numerical OELs currently listed
are the same as those in the TLV list, discussion ot new or revised
OELs involves considerations of those from other countries, in-
cluding Germany, the Netherlands, and the NEG. Australian
OELs are expressed either as 8-hour TWA values or in terms of
peak (15-min TWA) values. In summary:
(1) ESEWG identifics the need for new OELs based on recom-
mendations from industry or state/territory agencies, or based on
new OEL-development activity in other standards setting organ-
izations.
(2) ESEWG reviews the available relevant national and interna-
tional information (including summary documentation from other
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countrics), based on background papers prepared by specialist staft
at the National Occupational Health and Safety Office. Based only
on scientific considerations, it may propose a standard (new or
revised) to SDSC.

(3) In revicwing the proposed standard, SDSC takes into account
feasibility and socioeconomic/political factors. Based on such con-
siderations, it may decide either to approve the OEL proposed by
ESEWG or to modify it. NOHSC publishes the resultant OEL
and invites comment within 3 months.

(4) ESEWG revises the standard in the light of all the comments
received, and this is reconsidered by SDSC prior to endorsement
and declaration by NOHSC.

From the preceding it is scen that the Australian approach has
certain similarities with both the ACGIH and the British ap-
proach. On the one hand, ESEWG operates within a collegiate
structure whose representation and overall administration is similar
to the British WATCH Committee—that is, government-guided
but with the power of decision in the hands of its tripartitc mem-
bership. On the other hand, it reccommends OELs that are closer
to the ACGIH philosophy, in particular in its intention to set
OELs that protect “nearly all”” workers without taking account of
technical feasibility or economic impact. In the Australian ap-
proach, such matters come up for the first time at SDSC.

[Since this report was prepared some changes have taken place
in the Australian procedures for considering OELs. A new group
has been established, the Hazardous Substances Subcommittee,
which will subsume the work of three previous expert groups on
classification, health surveillance, and exposure standards. Australia
is now working to create a system by which to prioritize exposure
standards development within this new, wider framework. ]

Although the Australian OELs derived from this process are
“national” standards, they have no force in law unless adopted
into the legislation of individual states/territories. So, formally
speaking, they are guidance standards only. Nonetheless, experi-
ence has shown that they are usually taken up by the individual
jurisdictions within the Australian Commonwealth, and are sub-
sequently enforced by individual state/territorial inspectorates.
However, there are some cases where states/territories choose to
use even lower values, one example being in New South Wales
where the OEL for chrysotile asbestos fibers has been set at 0.5
fibers/mL (cf. the national value of 1.0 fiber/mL). Ultimately,
the states/territories have the absolute power in the setting and
enforcement of occupational exposure standards within their own
occupational health policies.

Australia has recognized the occupational hygiene discipline for
many years, and has boasted many distinguished scholars and prac-
titioners in the field. The Australian Institute of Occupational Hy-
gienists was founded in 1979, and its membership currently stands
at about 350, increasing at about 5% per annum. Many of these
members play an active role in the setting of occupational expo-
sure standards and their implementation and enforcement in Aus-
tralia. Those seeking professional certification usually apply for the
ABIH-administered CIH qualification.

Norway

Occupational exposure limits in Norway are developed under the
auspices of the Labour Inspection (Arbeidstilsynet, or AT) within
the framework of the 1977 Working Environment Act. AT oper-
ates within the Ministry of Local Government and Labour but
also reports to a scparate tripartite board that includes represen-
tatives from employers and employees as well as independent
members nominated by the government. The first list of OELs
was published in 1978, based on the TLVs that prevailed at that

time, and has been continuously updated or added to ever since.
The process by which they are gencrated is at present undergoing
some significant changes. Until recently it proceeded as outlined
in the report of the CMA.*' That is, for the purpose of developing
such standards AT appointed an independent expert working
group that cvaluated exposure and health-related material com-
piled from Norwegian workplaces as well as scientific documen-
tation from the NEG, ACGIH, and clsewhere. Although they
started from scientific considerations, the resultant OELs were also
based strongly on technical feasibility and economic factors. In this
process, although scientific, health-based considerations were an
important starting point, the working group also explicitdy en-
gaged in the discussion of technical feasibility and ¢conomic fac-
tors and so embodied their cffect in the final OELs. Since the
resultant OELs were not fully scientific, and so did not purport
to represent levels for “safe” working conditions per se, they were
therefore referred to as “‘administrative norms.” Philosophically,
this terminology avoids the need to deal directly with the difficult
concept of a “limit.”” Therefore, such norms were intended only
as guidelines for application by both industry and the inspectors.

Very recently AT initiated a new approach where gencration of
the OELs is made internal to AT itself. In the process, the external
tripartite expert working group has been climinated. The modified
process is now as follows:

(1) AT gencrates proposals for new OELs, based on input from its
partners in the NEG, the National Institute of Occupational
Health, the employers’ and employees’ organizations, and the oc-
cupational health learned and professional bodies. It also takes
account of other standards-setting groups (including ACGIH).
(2) AT inidates the acquisition of exposure data as required (in-
cluding new measurements if necessary) for relevant workplaces.
(3) For cach substance, a “consequence description” (CD) is pre-
pared by officials within AT, describing the substance, where and
how it is used, information on its toxicity and health effects, rel-
¢vant workplace exposure data, measurement and analytical meth-
ods, and—after assessment of the consequences—a proposal for
an OEL. Here it is important to note the philosophy that, al-
though an attempt is made to make the resultant OEL as close as
possible to the ideal health-based value, 1t is likely to be higher
based on considerations of feasibility derived from inspection of
the workplace exposure data.

(4) The CD is sent to interested parties for comment and supple-
mentation, after which AT modifies the documentation as appro-
priate.

(5) After a further fixed period of hearings for discussion and com-
ment, AT offers the proposal to its tripartite board for approval.
If approval is granted, the OEL is published, as before, in the form
of a guideline or administrative norm. For the substance in ques-
tion, the time from initiation of the process to final publication is
about 2 yecars.

This modified system brings the Norwegian approach some-
what closer to that of the United States OSHA, particularly in the
way by which the whole OEL development process is carried out
and orchestrated within the central government body (AT). How-
ever, the process is simpler. This is possible because the intention
of the Norwegian system of OELs is less constrained in the legal
sense. As already mentioned, the published numerical values are
administrative norms to be used as guidelines by both employers
and the inspectors for aiding in protecting the workforce. They
are not intended to be strictly enforceable limits. The role of the
inspectorate is therefore very important it the system of OELs is
to be applied properly and in the intended spirit. To achieve this,
AT has main offices in cach of the 13 districts of Norway, and a
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total of about 50 inspectorate stations with about 350 inspectors
in total. These play an important part in communicating the stan-
dards to industry, as well as working with industry to prioritize
occupational exposure problems, recommend improvements and,
where appropriate, impose sanctions. At any given time, the strat-
egy for inspection of workplaces is developed centrally within AT
in liaison with its partners, aimed at industries and substances con-
sidered to be of current highest priority. For example, primary
metals production is currently being given special attention. In the
meantime all enterprises, from the smallest to the largest, are re-
quired by law to maintain documentation about health and safety
procedures, which can be audited at random by the inspectors.
Companices identified by AT as having workplaces where workers
may be exposed to specific chemical hazards are also required to
have access to protessional qualified occupational health expertise,
cither by employing such personnel directly or by a formal ar-
rangement with appropriate consulting companies.

Because of the large number of enterprises, it is not possible
tor AT to do the detailed inspections itsclf. Its overall strategy is
therefore to be proactive in encouraging enterprises to work sys-
tematically toward the achievement of specific goals to comply
with laws and regulations. This should include the activitics thart
are necessary for complying with the health and safety regulations,
and the enterprises themselves should be able to document how
they meet those regulations. Occupational exposure measure-
ments are a natural part of that documentation.

Occupational hygiene as a discipline in its own right has
emerged relatively recently in Norway, The Norwegian Occupa-
tional Hygiene Society was formed in 1985 and now has more
than 300 members, comprising individuals working in the field of
occupational hygicne in industry, research and educational insti-
tutions, and the inspectorate. Although there are as yet no formal
educational degree programs in occupational hygiene, an increas-
ing number of specialized courses are becoming available to in-
dividuals training in related disciplines (e.g., engineering, analyti-
cal chemistry). Recognizing the importance of the occupational
hygicne discipline, Norway has recently started to develop a frame-
work for professional accreditation of occupational hygienists.

In Scandinavia more widely, the Nordic Institute for Advanced
Training in Occupational Health (NIVA) is funded by the Nordic
Council of Ministers to provide advanced courses and symposia
for researchers and professionals in occupational health and safety.
In the process, NIVA grants special scholarships to participants
from the Baltic countries, Barents Sea region, and the St. Peters-
burg area. As a result, a strong occupational hygiene culture has
emerged in Scandinavia commensurate with that in the other,
more prominent COUNLrics.

Russia

Russia was one of the countries that led the way in sctting occu-
pational exposure standards during the carly years, publishing its
list of maximum allowable concentrations as carly as the 1930s for
about 900 substances to which workers may be exposed as gases,
vapors, or aerosols. The approach is distinctly ditferent from that
applied by other countries and, unlike elsewhere, there is no his-
tory of significant influence by the TLVs. The development of
OELs in the form of maximum allowable concentrations (MACs)
is driven by the concept of the “threshold hazardous effect.” That
is, for cach substance, the MAC is set at the level that would
correspond to a tissue burden in exposed subjects representing
“the minimum dose which triggers changes beyond the limits of
physiological adaptation reactions.”" Using the numerical MAC
values, substances are classificd on the basis of their level of hazard:
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Class 1 —MAC value less than 0.1 mg/m?; Class 2—0.1 to 1.0
mg/m?; Class 3—1 to 10 mg/m?*; and Class 4—greater than 10
mg/m?. %

The MAC development process is entirely toxicological, with-
out reference to occupational hygiene or epidemiology. It is car-
ricd out under the auspices of the Ministry of Health, acting
through the Russian Federation Department of Sanitary and Ep-
idemiological Surveillance (DSES). DSES is responsible for a wide
range of arcas of public health, including infectious discases, ra-
diation protection, water quality, and food protection, as well as
occupational health. The actual development of the MAC values
is carried out by toxicologists in research institutions supervised
by the Scientific Rescarch Institute of Occupational Health. In
summary:

(1) The Ministry of Health, through the DSES, sets prioritics and
identifics substances requiring new or updated MACs.

(2) For cach substance, toxicology and medical experts carry out
the necessary literature reviews and conduct new research, leading
to a proposed MAC value.

(3) The new MAC is recommended to the DSES, which in turn
sends it for review by a commission of experts.

(4) The MAC may be approved or sent back for further consid-
ceration and investigation.

(5) When the MAC is eventually approved, it is decreed as a stan-
dard by the Ministry of Health, whercupon it becomes effective
in law.

In preparing the MACs, the material considered is derived
mostly from Russian sources. There is no discussion about pre-
vailing exposure levels in industry, technical feasibility, or econom-
ic implications. The development of an MAC for a given substance
is based entirely on its potential impact on the health of the work-
cr, to the exclusion of all other considerations. But, ¢ven at the
level of basic health effects, the criterion for setting an MAC is
generally much more stringent than that adopted by other stan-
dards-setting bodics.

During the period post-World War 11, little information was
available about the standards-setting process in the Eastern Bloc
countries. This dearth of information was cased somewhat in 1963
when a delegation of six U.S. toxicologists visited the (then) So-
viet Union and provided the first reports of such differences. 010
In more recent vears the level of contact has increased significantly.

The stringency of the MAC values and their underlying ration-
ale raises an important question about enforcement. Implemen-
tation is the responsibility of the industrial establishments them-
sclves, but is supervised by the 78 regional centers of the DSES,
comprising more than 2600 separate stations, located throughout
the country. The implementation itself is achieved through engi-
neering and other means. Licencing is one means of enforcement.
Here, sanitary physicians from the DSES inspect cach establish-
ment prior to granting a licence, and this is followed up by routine
inspections conducted about three to four tmes per year. The
sanitary medical inspectors are accompanied where appropriate by
suitably qualified technicians and engineers. It is perhaps fair to
note that many of the medical doctors who thus form the otficial
inspectorate have backgrounds that go beyond occupational med-
icine as it is frequently regarded in other countries. Indeed, many
are well-versed in science and engineering commensurate with the
requirements of occupational hygiene as it is known in the West.

In the inspection process, the inspectors consider whether in-
dustrics and workplaces fall into one of three categories: (a) where
the MACs are not exceeded and there is no evidence of increased
risk to health; (b) where there is some exceedance of the MACs
but there is no evidence of increased risk to health; and (¢) where
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there is exceedance and there is also evidence of worker ill-health
associated with the exposure in question. In principle, penalties
can be imposed on companies with workplaces falling into any of
these categories, although they are more likely for those in the
third. The penalty itself may take the form of plant closure (in the
worst case) or fines (more usually). To give some sense of the level
of such regulatory activity, in the metropolitan region of St. Pe-
tersburg, for example, fines totaling about 1 billion Russian rou-
bles (of the order of 200,000 U.S. dollars) were imposed during
1996. The magnitude of this sum should perhaps be viewed in
the context of the very difficult economic climate that currently
exists in Russia. That notwithstanding, it is reasonable to conclude
that enforcement of the standards based on the very stringent
MAC values is not very rigorous.

As already mentioned, the Russian approach to occupational
exposure standards is governed very strongly by the disciplines of
toxicology (in the setting of the MACs) and medicine (in their
implementation and enforcement). This derives from the strong
Russian philosophy that focuses on the health and well-being of
each and every individual worker. Although the topic of occupa-
tional hygiene occurs quite frequently during the general discus-
sion of occupational health with Russian officials and scientists, it
does not appear yet to be a well-developed discipline in Russia.
So there appear to be no professionals or scholars matching the
definition of that discipline as embodied in the traditions that have
grown up in the West during the past half-century. As a result,
¢xposure assessment in the modern manner as recognized and ap-
plied by occupational hygienists in most other countries does not
feature strongly. For cxample, personal sampling appears to be
virtually unheard of.

Until the link between hazard recognition, exposure asscss-
ment, and regulatory controls is strengthened, it is hard to envis-
age how the Russian MACs can be effectively enforced. Perhaps,
therefore, when the cconomic situation allows it, priority might
be given to enhancing recognition of the occupational hygiene
discipline and developing appropriate training programs to pro-
vide the required professional base in Russia. This would comple-
ment the outstanding tradition in occupational medicine and tox-
icology that already exists.

COMMENTARY

he countries selected in the preceding review do not allow for

an exhaustive account of international occupational exposure
standards setting. But they do provide some contrasting scenarios
that help stimulate reflection and highlight some of the issues that
will need to be addressed if progress toward international under-
standing or harmonization about occupational exposure limits is
to be advanced.

The Data

In general, the basic core of scientific knowledge for all standards
setting is that available in the open literature. In the first instance
this may be taken to be the information about health etfects from
toxicological and epidemiological research, and this appears to be
the common thread among most of the standards-setting bodies.
For these it is clear that there is considerable mutual awareness of
cach other’s activities, prioritics, and thought processes, and that
there is considerable interchange of information about the data
and their application. In particular, the processes within the TLV
Committee are watched closcly by almost all other organizations.

The basic core data therefore provide an essentially common start-
ing point for the discussions within the various expert working
groups involved in setting national OELs. Where departures oc-
cur, however, they lie in the data that derive from sources that are
not in the international public domain (e.g., from industry re-
scarch, government reports, ctc.). For some substances, such
sources have historically been very influential. But they have also
sometimes been controversial, especially in cases where bias or se-
lectivity may be suspected or inferred.®

In addition to the toxicological and epidemiological database,
some standards-setting bodices also go further to apply knowledge
about workers’ exposures in relevant industries. This is particularly
important where feasibility and cconomic factors are issues to be
addressed. Here, it is not so ecasy to identify what is specific and
what is generic. So, although documented exposures to a given
substance will have some features that arc common within indus-
trics and workplaces of the same general type, there will inevitably
be wide differences overall. Such difterences may be greater be-
tween countries, where there may be different working practices,
climatic conditions, etc., than within countrics. Therefore, the idea
of a central core of exposure information is more complicated than
for health effects, and needs to be applied only by expert occu-
pational hygienists and generally treated with caution.

One country that emerges as distinct, based on the preceding
discussion, is Russia. In a system that is carried over from the days
of the former Soviet Union, the database from which to derive
OELs is markedly different, comprising mainly toxicological in-
formation reported almost entirely internally. This is driven by the
markedly different philosophical approach to standards in Russia.
At the same time, such data are not so widely available to other
countries, through difficulties in language and dissemination. Data
relating to workers’ exposures are not readily available. Indeed,
based on the observations noted earlier, they may currently be very
sparse.

The Underlying Rationale for OELs

As outlined carlier, OELs should ideally be contained within a
framework that also addresses exposure criteria, properties, and
mcthodologies. The various national models studicd follow this
approach to a greater or lesser extent. In general, most countries
recognize the need to have well-defined exposure measurement
methodologies to support their systems of OELs, and follow some
features of the ideal model. For acrosol exposures, for example,
some bodies—including ACGIH and the British HSE—have already
moved toward adopting the internationally agreed, scientifically
based, particle size-selective criteria that also imply recognition of
the need for specific types of instrumentation and sampling meth-
ods. Other countrics, including Australia and Norway, scem re-
ceptive to the same approach. Russia, however, has not yet reached
the point where such issues are being discussed.

Even for OELs set on the basis of the same scientific data, there
are differences in how the OEL is set. The first may derive from
divergent opinions about which health endpoint should drive the
OEL or about what level or prevalence of ill-health is considered
acceptable. Such differences are value-driven, dependent on vari-
ations in e¢motional response to certain types of ill-health, and
variations in attitude to risk associated with certain substances.
These in turn depend on local cultures and perceptions and cannot
be quantified.

If the scientific discussion leading to even a health-based OEL
is subject to considerable differences at a number of levels, then
opening up the process to consideration of questions beyond
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health effects leads to further amplification of the differences. Now
a completely different sct of criteria and values comes into play.
They are driven by the question of feasibility. Although feasibility
relates to whether a given OEL is practically achievable using
known or available technology, there is the underlying rationale
related to the cost of achieving a given OEL versus the cost of
loss of life or quality of life, and to the local and national need for
a given industry to continue to operate and be profitable (and the
resultant cost to society were it not to do so). At the societal or
cultural level, it relates to individuals’ and society’s perceptions of
the relative value of risk versus the need for employment and their
attitudes toward the role of government in regulating industry and
work, and to the ability of the government to set and enforce
OELs within the machinery of the given regulatory framework
and cthical climate. The issuc then becomes part of the wider
political discussion. Comparison of the British and U.S. approach-
¢s to occupational exposure standards illustrates how such issucs
can lead to differences. As noted in the CMA report, @ the British
process, based on conscensus among industry, workers’ unions, and
independent experts and backed up by a strong, respected, and
demonstrably impartal civil service, develops standards that are
recommended to Parliament, which in turn can incorporate them
into an existing regulatory framework. The goodwill engendered
by this consensus-based process means that the possibility of legal
actions to challenge occupational health standards is largely de-
flected. The same approach would not be possible in the United
States because Congress does not have power of final approval
over regulatory actions by an executive agency such as OSHA. In
addition, culturally, the U.S. approach is greatly influcnced by ad-
versarial legal processcs.

Although there are considerable differences in the types of
OEL that are sct by individual bodies, and the ways in which they
are sct, there does appear to be some common ground. Perhaps
the most striking part is the fact that so many bodies depended
strongly on the TLVs in the early vears, and that the influence still
remains strong today. The role of ACGIH was particularly im-
portant at the beginning in establishing a process by which (a)
published—and sometimes unpublished—data on health cffects
and exposures, in humans and in animals, could be documented,
cvaluated, and discussed in a mulddisciplinary peer group; (b)
dose-response relationships identified; and (¢) health-based OELs
arrived at. Although many of the individual national bodies have
striven over the vears to reexamine the old data (and to include
new darta) to develop their own OELs independently, progress has
been relatively slow. So progress in developing completely home-
grown OELs has been slow in most countries and, in view of the
effort required to carry out the full process for any given sub-
stance, it is likely to remain so. As a result, most of the OELs
listed by many individual bodies remain numerically the same as
the corresponding ones listed by ACGIH. The differences, where
they occur, are for the relatively small number of “difficult” sub-
stances that have continued to generate interest by virtue of on-
going public concerns about associated occupational ill-health
(e.g., crystalline silica, asbestos and other fibrous dusts, benzene
and other solvents, ctc.).

The Role of Science and of Scientific Experts

Science plays a strong role in the approach to health-based oc-
cupational exposure standards. But it is clear that, even there, ir-
reconcilable differences can arise in the way the data are inter-
preted and applied. In the real world, where data and information
are not complete, the real “truth” does not exist. The version of
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the truth depends on the question that is posed. But even that is
subject to the uncertainty present in the available data. So sup-
posedly scientific occupational exposure standards are inevitably
subject to nonscientific value judgments. Unfortunately, this pic-
ture of science does not fit the picture held by society at large,
which likes to believe that science can resolve complex issues by
identifying cxactly what is true and what is not truc. The effect of
uncertainty in the process of scientific judgment is frequently not
grasped. So, when science fails to provide definitive answers, pub-
lic mistrust is engendered. This is when policy makers, the people
who represent society and interface with scientists on scientific
issues of public concern, and are the ones who are ultimately re-
sponsible for actions in the public domain, lose confidence in the
ability of science to be useful in policy. Then single-agenda, sci-
ence-based pressure groups get into the act and, in so doing, often
undermine further the trust of the public in science. Paradoxically,
when scientists try to overcome these ditficulties by being more
open, the more the divisions between them become apparent, and
the feeling of public mistrust becomes even greater. Such scepti-
cism may be derived from carlier mistakes, real or perceived. Here,
the media plays an important role in influencing public opinion
on such matters, not always constructively. In this somewhat con-
fused climate, the populace tends not to take kindly to the ap-
pearance of having the opinions of an ¢lite group of scientific ex-
perts impose its views in influencing the lives of others. With all
this in mind, it is not difficult to comprchend why the role of
science in the setting of occupational exposure standards ulti-
mately tends to become secondary to the host of nonscientific
factors.

What about thosc experts? Who is “‘independent” in the stan-
dards-setting process? All the experts will inevitably come with
some sort of affiliation (i.e., to industry government, organized
labor, academia, etc.), and cach will, of course, proclaim his or
her “independence,” and indeed they may actually believe them-
selves to be independent. But independence is something that not
only needs to be the case in reality but must also be perceived to
be so by all interested particles. But this is virtually impossible.
The government scientist will tend to be seen by others to be
suspicious of the motives of industry. Industry scientists will tend
to be perceived by government and workers’ representatives as
holding back on contributions that might be viewed as negative
to industry. Traditional “independent experts,” usually academics,
are not free of such perceptions since most of them will have, at
one time or another, have received support from or worked closely
with either government or industry (or both). This after all is how
they were able to gain the first-hand knowledge and cxperience
that made them into ““experts.” Tronically, therefore, suspicion of
the motives of such “independent experts” may come from all
sides. There is no escape. With this in mind, the concept of ““in-
dependence” perhaps needs to be reconsidered. Tt implics the abil-
ity to win complete trust from all other parties. It thercfore has
to be accepted that lack of independence, even if only perceived
{(and not nccessarily real), means that there will be mistrust. Rec-
ognizing this, it might be suggested that respect may be substi-
tuted for trust.'2’ In this scenario, it might be said, the more
highly the expert is respected then, irrespective of the question of
independence, the greater his or her contribution will be valued.
Perhaps the best that can be hoped for in this complex scenario
is that all the experts in some way set out to strive for the common
good.

Funtowicz and Ravetz have commented interestingly on the
dynamics of multidisciplinary scientific expert groups like thosc
engaged in the development of occupational exposure standards,
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and note that “Multidisciplinary tecams . . . generally become a
collection of specialists playing safe by abstaining from criticism of
others’ rescarch results. A questioner can all too casily be driven
off and humiliated by an aggressive defence; and so in the absence
of a common understanding on the issues of uncertainty and qual-
ity, it is futile for an expert to attempt to stray onto another’s turf.
Since policy-related rescarch involves complex systems which have
been approached from a plurality of disciplinary perspectives, this
systematic weakness of multidisciplinary projects must be resolved,
if effectivencess is to be achieved and progress to be made.” '
They go on to note that the need to communicate uncertainty
properly is therefore no less for such groups than for inexpert lay
groups.

Scientists and the Other Players

Norseth'® has written about the moral and cthical “dilemma”
confronting those involved in the setting of occupational exposure
standards. He has discussed the question of who decides what is
acceptable risk, and to whom, and the communication of infor-
mation about risk by scientific experts and policy makers to the
people who are actually the ones at risk. The definition of what is
acceptable varies depending on the perspective of who is doing
the defining. The different critical roles and modes of the partic-
ipants in this process have been set out by Clark and Majone. "'
On the one hand, scientists will define what is acceptable in terms
of rational explanations of the nature of risk, how risk compares
between risk factors, and considerations of probability. They can
articulate the extent to which their perspective is close to “the
truth,” and are frequently frustrated at the difficulty with which
such seemingly simple concepts are grasped by others. On the
other hand, it is the policy makers that define acceptability in terms
of what they believe is good for—and intelligible to—society as a
whole. They would like to claim to be the ones who maintain
vigilance with respect to accepted ethical standards in society at
large. However, they, in turn, become frustrated at the idealism
of some scientists. Mcanwhile, public interest groups, representing
the exposed people and so the ones actually at risk, are most im-
mediately concerned with the nature of the conclusions of both
scientists and policy makers, and wish to see the issues handled
with fairness and balance. They are frequently confused by, and so
mistrust, both scientists and policy makers.

The Future for OELs

In this review of occupational exposure standards, it is important
to note that the number of substances for which OELs exist is
relatively small within any standards-setting body or jurisdiction.
For cxample, the TLV list deals with fewer than 900 substances.
Compare this with the 100,000 or so separate chemicals listed by
the European Inventory of Existing Chemical Substances as being
traded among countries. [t may be that, for many of these, the
amounts traded and the numbers of workers who become exposed
are relatively small. It is also true that, based on manufactures’
hazard data shects, a relatively small proportion may be considered
toxic 1o exposed humans, with a much higher proportion consid-
ered to be harmful to the general environment.'® But all such
substances present finite potential risks to workers who become
exposed to them routinely. So those workers need to be protected.
In the light of all the preceding, however, it is clearly impracticable
that all such substances could individually be assigned OELs. The
cost and cffort would be prohibitive. This presents a dilemma to
the standards setters. Can it be said that the existing TLV list, for
example, represents the exposures that occur in most workplaces

involving most workers? Probably not. Perhaps, therefore, it re-
flects the substances for which there are the most toxicological
and/or epidemiological data—or, dare it be said, where there is
pressure arising from the greatest cconomic priority.

Some governmental and institutional occupational hygiene spe-
cialists are starting to express the opinion that the existing system
of OELs has less impact on the occupational environment than
had been thought previously. Recent research sponsored in Britain
by HSE has revealed that, although current OELs are quite well-
understood and applied in large industrics, most notably those
who employ professional occupational hygicnists, they are much
less well-recognized in small- and medium-sized enterprises
(SMEs)."'7 Such companies rarcly employ their own protessional
hygienists, rarely conduct cxposure assessments, and are rarely vis-
ited by an inspector. In short, the overall level of awareness of
OELs and their importance in protecting workers’ health is prob-
ably much lower than we would like to believe. It would not be
surprising to find similar trends in other countries.

How does such knowledge influence how we think about the
future for OELs? Or about substances for which there are no
OELs? Some say that a rethinking of the approach to occupational
exposure standards might be appropriate. One suggestion moves
the emphasis of compliance evaluation from explicit exposure as-
sessment (as is required by the current approach) to engincering
control. In principle, this might be achieved by reference to in-
formation contained in the material safety data sheets (MSDSs)
provided by the manufacturers of the chemicals that are used by
industry. Such safety data sheets are required under international
laws governing classification, packaging, and labeling. By combin-
ing MSDS information about the nature of—and the potential
hazard associated with—a given material with knowledge about
how the material is being used in the industrial process, the level
of exposure may be classified as falling within a proscribed health-
related band. Once the exposure is thus classified, a hierarchy of
technical exposure control measures can be specified, ranging trom
general exhaust ventilation, to local exhaust ventilation, partial and
full enclosure and finally, as the last resort, personal protective
cquipment. Thus, in principle all substances for which there is an
MSDS can be dealt with in this way. A somewhat similar philos-
ophy is seen in the hazard-rating approach used by the pharma-
ceuticals industry and in biohazard laboratories. Many agents en-
countered in such situations are generally considered to be too
hazardous, both to workers and to the environment and even in
very small concentrations, for us to rely on monitoring methods
to ensure compliance. Sceptics might argue that this control-based
approach is qualitative at best, and so crude in comparison with
the more quantitative traditional approach based on exposurc as-
sessment in relation to OFLs. But its supporters might reply that
there is already very great uncertainty, maybe as much uncertainty,
in the present system of OELs, both in their development and in
their application. Of course, any such new approach would need
to be validated with respect to the existing approach for a wide
range of industrial scenarios. Then, once validated, the OELs
themselves would be moved into the background. Subsequently,
in the enforcement of new standards based on the new approach,
the inspectorate would be charged with evaluating the control sys-
tems in place rather than requiring explicit exposure assessment to
be carried out, as the current approach calls for. It is argued that
this would be more effective than the present approach for pro-
tecting the majority of workers, especially those in SMEs. Mean-
while, of course, larger concerns with professional occupational
hygiene expertise readily at hand, may opt to continue to work
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within the current OEL-based system, at least for substances
where OELs exist.

Changing Occupational Hygiene

In a famous book, quoted and applied in many fields beyond science,
Kuhn''' has written about the nature of science and argued that,
although new theoriecs may be more complex that the ones they
replace, they are not actually any closer to the “real truth.” Rather
than the steady acquisition of knowledge moving ever closer to this
truth, the history of science is seen to be represented by periods
where one or other model—or “paradigm”—holds sway interspersed
by intermittent “revolutions” in which the model accepted by the
scientific community in question is changed dramatically. Since Kuhn,
the importance of this concept of revolutionary paradigm shifts has
been noted with respect to many ficlds, both within and outside
science. The field of occupational hygicne, and occupational exposure
standards setting in particular, spans both science and public policy,
and it too may be said to be subject to the same sort of dynamics.
Here, the current paradigm for occupational health standards may
be said to be the OEL approach that focuses on exposure mca-
surement. This in turn underpins much of current occupational
hygiene thinking and training. So it occupies much of what is
discussed and agreed between—and practiced and taught by—oc-
cupational hygicne professionals and scholars. New approaches
like those advanced above therefore represent paradigm shifts that
can have far-reaching implications to those working in the field.
To some, they might seem to represent a challenge to the occu-
pational hygicne community at large and to the exposure-based
philosophy it has come to accept. So it is likely to be resisted. On
the one hand, it is possible that a new approach will eventually
emerge where the emphasis of occupational exposure standards is
shifted to technical control measures, and this may indeed be em-
braced by the occupational hygiene community. On the other
hand, despite the persuasiveness of the arguments presented, the
suggested changes in approach may be successfully resisted by the
“cstablishment” and the old approach may survive and so contin-
uc. The balance is in the nature of intellectual revolution alluded
to by Kuhn.

Mecanwhile, revolutionary change is frequently uncomfortable
to, or is perceived to be uncomfortable by, those affected. Evo-
lutionary change is easicr. In the public policy ficld, this is referred
to as “‘incrementalism.” 202 In this approach, participants often
limit themselves to considering changes close to the status quo,
based on the argument that restricting the effort to “politically”
feasible changes conserves scarce time and energy, making the best
use of available knowledge. As a result, the short- and long-term
effects are easicr to predict and the possibility of large errors is
small. Within this approach, however, if a problem is perceived to
be sufficiently severe by some participants, those participants may
break out and press for more radical change. This is similar to the
approach discussed by Heclo and Wildavsky?*' in relation to the
field of public administration, in particular rclating to the gover-
nance of public expenditure. They note that change tends to hap-
pen only “at the margins,” where for significant change the bur-
den of proof is on the proposer and not on those preserving the
status quo. Heclo and Wildavsky, however, were describing the
system in Britain pre-Thatcher, and experience would suggest that
the strength of their argument has been whittled down by events
since. But it would seem to apply still within the large bureauc-
racies in countries like Russia. In the context of occupational ex-
posure standards, changes in the criteria for exposure assessment
and in individual OELs may be viewed as incremental. By contrast,
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as already alluded to, a wholesale switch from an exposure assess-
ment-based policy (to which the OELs are central) to one based
on control technology might be seen as revolutionary.

Such ideas from other domains of public policy scem appro-
priate to the ways in which we think about change in occupational
health standards. In the international arca of occupational expo-
sure standards, any degree of international harmonization will in-
cvitably require changes in the mind-sets of all national standards-
setting bodies. The ability to accommodate such change depends
on the nature and the history of the organizations in question. Of
the national standards-sctting bodies studied, for example, the
United Kingdom, Australia, and Norway would appear to be more
ready to propose and adopt new approaches than, say, the United
States and Russia. As far as occupational health policy is con-
cerned, the latter two are characterized by older and much larger
bureaucracies. In Russia in particular, resistance to change may
stem from the fact that the framework and machinery currently in
place have been there for very many years (since the 1930s) and
so have become institutionalized and largely unchanged despite
the great central political changes that have taken place in that
country in the 1990s.

The readiness to make changes, cspecially radical changes, is
linked with the willingness of officials to be prepared to expose
themselves to the risk associated with the possible failure of that
policv. This is particularly problematic for publicly accountable
policy makers, to an extent that is likely to vary greatly between
cultures. Jeremy Vincent®* recently reviewed the general concept
of this type of risk among administrative managers in the private
and public sectors and noted that managers in the private sector
are more likely to embrace radical changes while, in contrast,
“public servants may feel unwilling to take potential risks duc to
the twin potential pitfalls of falling under the glare of public scru-
tiny or being prey to governmental intervention.” In relation to
occupational health standards, there may be the tendency for some
policy makers to be conservative (that is, to tend toward ““incre-
mentalism™) when it comes to adopting radical new approaches
to occupational health standards or changes commensurate with
the requirements of international harmonization. The greatest in-
crtia is therefore likely to come from policy makers and not from
the scientists.

INTERNATIONAL HARMONIZATION

n summary from the above, systems for developing health-based

OELs have some generic features that are common to all stan-
dards-setting bodics, including basic core data sets and rationales
frequently based on the processes established by ACGIH and oth-
er pioneering institutions. This in itself provides a potential plat-
form for international harmonization of standards, at least within
the majority of countries. Harmonization of anything stems from
the desire to rationalize—that is, to intellectualize or to give a
rational explanation. This is in the nature of science and so is
especially attractive to scientists. For occupational exposure stan-
dards, therefore, it follows that the international harmonization
movement comes from the scientists working in the field of oc-
cupational health. A major driving force is the internationalization
of the occupational health sciences and professions, most notably
through such bodies as the International Occupational Hygiene
Association. A major justification is the increasing harmonization
of other aspects of world trade and industry. It is recognized that
occupational hcalth standards do differ from country to country.
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Such differences can be very marked, especially between the so-
called ““developed™ nations and the “developing’ nations (where
standards tend to be less stringent, or at least less stringently ap-
plied). This is undoubtedly an issue for trade and international
business, where there is the widespread perception that some mul-
tinational corporations have seen economic advantage in transfer-
ring portions of their operations to developing countries where
the cost of occupational health is perceived as being lower.

The idea of international harmonization of occupational ex-
posure standards is not new, and the search for international mu-
tual understanding is a well-trodden path. In 1963, for example,
Stokinger'**’ published a short list of “‘internationally agreed”
OELs. In the years since, especially encouraging progress has al-
ready been achieved in certain parts of the standards-setting pro-
cess. In 1991, for example, Ziclhuis ct al.”?®" outlined how har-
monization of the criteria documents might be achieved. These
are the cornerstones on which to base the discussion of individual
OELs for each and every substance. For the specific case of acrosol
exposures, there has been a long history of harmonization of sup-
porting standards by which health-related acrosol fractions are de-
fined for the purpose of exposure assessment. This goes back to
the carly 1950s when the first definition of the fine “respirable”
fraction of particles was proposed and later agreed to internation-
ally.?7 2 More recently, wide international agreement has been
achicved on a more comprehensive system of particle size-selective
criteria for inhalable, thoracic, and respirable fractions on which
more rational OELs can be based for substances that appcar as
aerosols. 73030

For occupational exposure standards more generally, the scope
for harmonization may range from (a) full harmonization among
countries, with common sets of criteria, exposure assessment
methods, and strategies and OELs; (b) intermediate harmoniza-
tion, with common criteria and methods and a common primary
database, but with local OELs based on national considerations
and priorities; and (¢) rudimentary harmonization, with better un-
derstanding among countries about all the factors that underpin
the local OELs. Based on the discussions undertaken during the
present study, the prospects for the first option would appear to
be remote. As Norseth''* points out, “‘international harmoniza-
tion of exposure limits is impossible, even if collaboration on bio-
medical and toxicological criteria is highly recommended. How-
ever seeing the limitations of such collaboration in setting actual
numbers for acceptable exposure is important. In view of the vast
differences in technological development and social welfare in var-
ious countries, such harmonization may not even be a good so-
lution for improving the working environment for all workers.”
The second and third possibilities would therefore appear to be
more “incremental”—and so less threatening—to individual na-
tional interests, and so provide more promising routes toward
achieving the goal of reducing, if not climinating, differences
among countries.

CONCLUDING REMARKS

In summary, a study has been conducted of a small number of
national processes for establishing occupational exposure stan-
dards. This comprised detailed discussions with scientists and of-
ficials in the countries chosen outside the United States, including
the United Kingdom, Australia, Norway, and Russia. Not surpris-
ingly, similarities and differences have been found where, of the
sample studied, the Russian approach is the most distinctive, being
based on a totally different philosophy by which the occupational

exposure limit is defined and how the resultant system of OELs
is applied in reality. In general, science is seen to play a strong role
at the front end of the standards-setting process, guiding the de-
cision to place the numerical value of the OEL itself into a range
where it can, when implemented, truly protect worker health.
However, even for standards supposedly based entirely on science,
the uncertainties in data and difficulties in interpreting complex
multidisciplinary scenarios mean that value judgments play a sig-
nificant role. These are influenced not only by scientific disagree-
ment but also by national ¢motional and cultural responses to
different types of exposure and health outcomes. But further, for
standards that are incorporated into public policy for implemen-
tation in the real world, a wide range of other factors comes into
play, including questions of enginecring and technical feasibility as
well as sociocconomic, sociopolitical, cthical, and legal perspec-
tives. In the end the standard may be influenced even more greatly
by the latter group of considerations. This is where the greatest
differences may occur between countries, and so where the great-
cst challenge arises with respect to international harmonization of
standards. It is likely, therefore, that such harmonization may ul-
timatcly be limited to those parts of the standards-setting process
that can be defined and discussed in terms of science, and this
might, in the end, be a small part of the whole.

Meanwhile, the discussion about the nature of occupational
exposure standards leads to consideration of the future of the
OELs that underpin current approaches in most countries. Oc-
cupational hygicnists, identified as an important learned and pro-
fessional group in the whole arca of occupational health standards,
arc starting to question whether the current approach is truly ef-
fective in protecting the health of the majority of the work forces
in their countrics. The changing demographics of working pop-
ulations is one significant factor. As a result, new ways of thinking
about occupational health standards are beginning to emerge. As
the discussion of these proceeds into the twenty-first century, the
nced becomes cven more clear for the continued development
worldwide of a strong occupational hygiene community, bridging
the gaps between occupational medical doctors and toxicologists
on the onc hand and engineers on the other. Countries with
strong such communities and opportunities for advanced educa-
tion and training should continue to maintain and grow those
strengths. Countries with less strong occupational hygiene cultures
should be encouraged to invest in greater efforts in that direction.
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