Toxicology
Letters

Toxicology Letters 77 (1995) 183187

Toward WHO-recommended occupational exposure limits

M.I. Mikheev

Occupational Health, World Health Organization, CH-1211 Geneva 27, Switzerland

Accepted 13 January 1995

Abstract

The WHO Project on Recommended Health-based Limits in Occupational Exposure resulted in the development
of occupational exposure limit (OEL) values for a few groups of widely used industrial chemicals. A comparative analy-
sis of the WHO-recommended OEL and existing OEL in selected countries has been made. It was shown that in the
OEL’s development, there is need for harmonization of methodology, approaches and definitions. Therefore, a new
WHO project on guiding principles and guidance values for health-based occupational exposure limits has been
established.
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1. Introduction

The occupational exposure limit (OEL) is an im-
portant instrument for reduction of exposure to
occupational hazards and prevention of occupa-
tional diseases. Existing experience in the world
shows that they may have different names, such as
Threshold Limit Value (TLV) in the US American
Conference of Governmental Industrial Hygienists
(ACGIH), which is also used in some other
countries, or Maximum Concentration at the
Workplace (MAK) in Germany, or Maximum
Allowable Concentrations (MAC) in the Russian
Federation and Poland. Different names of OELs
resulted from their different definitions. However,
the objective of OELSs is the same, namely protec-
tion of the health of working people from over-
exposure to harmful occupational hazards.

TLV refers to airborne concentrations of sub-
stances and present conditions under which it is
believed that nearly all workers may be repeatedly
exposed day after day without adverse health
effects. Because of the wide variation in individual
susceptibility, however, a small percentage of
workers may experience discomfort from some
substances at concentrations at or below the thres-
hold limit; a smaller percentage may be affected
more seriously [1].

The MAK value is defined as the maximum per-
missible concentration of a chemical compound
present in the air within a working area, which ac-
cording to current knowledge generally does not
impair the health of the employee nor cause undue
annoyance. As a rule, the MAK value is integrated
as an average concentration over a period of up to
1 work day or 1 shift. Scientifically based criteria
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for health protection, rather than their technical or
economical feasibility, are employed [2]. The Rus-
sian and Polish definition of MAC refers to the
prevention of any adverse effects in the worker or
his descendants [3].

The development of OELs has its history. In
some countries the first limit values for occupa-
tional exposure to a few widely used chemicals
were established in the 1920s and 1930s [3].
Therefore, one can mention that the worldwide ex-
perience on OELs and their role in the prevention
of occupational poisonings and diseases is avail-
able in many countries of the world. Therefore, in
1979, the WHO Office of Occupational Health
established a project on Internationally Recom-
mended Health-based Limits in Occupational
Exposure.

2. Definition of OEL and criteria for selection of
chemicals

The WHO Study Group (1979) has proposed to
use the term ‘recommended health-based occupa-
tional exposure limits’. This term was in accor-
dance with the International Convention No. 148
adopted by the International Labour Conference
[4]. This term represents levels of harmful sub-
stances in workroom air at which there is no signi-
ficant risk of adverse health effects; this does not
take into account technological and economic con-
siderations and thus should be distinguished from
operational exposure limits.

It is well known that the number of harmful in-
dustrial chemicals is so vast that it is virtually im-
possible to set OELs for all of them and as a
matter of fact in many cases, particularly at the in-
ternational level, there is no need to do so. It was
therefore necessary to select priority substances.
This selection has been done on the basis of the
following criteria:

— the distribution and abundance of the agent,
and the frequency of exposure (or potential
exposure) to it;

— the potential of the agent to cause serious
functional disability; and

— the availability of reliable scientific evidence

based on epidemiological and experimental
studies.

A group of 4 heavy metals [5]: cadmium, lead,
manganese and mercury; 4 organic solvents [6]:
toluene, xylene, carbon disulfide and trichloro-
ethylene; respiratory irritants [7]: chlorine, formal-
dehyde, nitrogen oxide and sulfur dioxide; mineral
dusts [8]: silica and coal; vegetable dusts [9] were
selected. The information available on health
effects was assessed and health-based occupational
exposure limit values were recommended when
appropriate. In addition to the recommended
health-based occupational exposure limits for
workroom air, the corresponding recommended
health-based biological limits (i.e. the no-adverse-
effect level of toxic substances or their metabolites
in human biological material) have also been
defined for the same selected chemicals when the
appropriate information was made available.

3. The ‘two-step’ procedure

The WHO Expert Committee on Methods Used
in Establishing Permissible Levels in Occupational
Exposure to Harmful Agents [10] concluded that
“... occupational toxicologists, physicians and
hygienists have reached a broad agreement on the
approaches and the methods to be used for pro-
viding the basic scientific information needed to
recommend, evaluate, and revise permissible levels
for occupational exposure”. This was regarded as
a major step towards developing international
recommendations for permissible levels, but it was
pointed out that “... differences exist in the way
Member States translate health-based permissible
levels for occupational exposure into educational,
technical, compliance and enforcement measures
directed towards protecting workers’ health”,

Therefore, the ‘two-step procedure’ has been
considered. The first step was the development of
health-based occupational exposure limits on the
basis of scientific evidence judged by experts. The
main scientific judgement was the information on
exposure-effect and exposure-response relation-
ships. An exposure-effect relationship was defined
as the relationship between quantified exposure
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and quantified severity of health effect, in an indi-
vidual or group. A definition of exposure-response
relationship was the relationship between quan-
tified exposure and the percentage of individuals
with an effect of specified severity. The second step
was specified as the translation of these health-
based occupational exposure limits after discus-
sion between the governments and representatives
of employers and workers into operational OELs
or standards. At the international level, there can
be no mechanism for incorporating economic and
technological factors into decision-making process
related to the operational OELs. The basic objec-
tives in establishing health-based OELs were
similar to OELs of the WHO Member States: to
ensure that no employee will suffer impaired
health or functional capacities or diminished life
expectancy as a result of the work experience.

4. WHO health-based occupational exposure limits:
comparative analysis

National commissions or other types of national
bodies responsible for the establishment of nation-
al OEL values, for the development of policy and
philosophy, as well as methodology have been
created by many countries worldwide. On the basis
of appropriate legislation, a national list of OELs
for toxic chemicals has been created in these
countries.

The WHO health-based occupational exposure
limit values have been derived from the integrated
information of health risk assessment. Toxicity,
acute, subacute and chronic toxic effects, meta-
bolism and other toxicokinetic criteria, exposure-
effect and exposure-response relationship, critical
adverse effects have been taken into consideration
as the main criteria for health-based OEL value
development. Two types of OEL have been recom-
mended by the WHO Study Group. One for short-
term exposure (15 min) and another for long-term
exposure to selected chemicals. Further, our analy-
sis is based on comparison of OELs recommended
by the WHO Study Group for long-term exposure
for selected heavy metals, organic solvents and
existing OELSs for the same substances in selected
countries. Both the OEL for short- and long-term

exposure will be considered for respiratory
irritants.

Concerning the OEL for free crystalline silica
and coal-mine dust, the analysis is limited by the
following WHO Study Group statement in which
it was said that the tentative recommended limit
for free crystalline silica is 0.04 mg silica per m>.
For coal-mine dust with a free silica content < 7%
(mass) of the respirable mixed dust fraction, the
range of 0.5-4.0 mg dust per m? is recommended,
tentatively. Limits above 0.5 mg dust per m>
should be applied only when there is sufficient
epidemiological evidence to show that the particu-
lar coal-mine dust is relatively harmless, and there
is a limited risk of developing radiographic cate-
gory 1 simple pneumoconiosis during the whole
working life. In the absence of such
epidemiological data (e.g., new mines), a limit in
the range of 0.5-4 mg dust per m> may be used by
comparing the new mine with others with a similar
grade and composition of coal and similar work-
ing conditions. For coal-mine dust with a free
crystalline silica content > 7% (mass) of the
respirable mixed dust, the limit for free crystalline
silica should be applied (i.e. 0.04 mg silica per
m?). It was believed that under these levels of ex-
posure, massive fibrosis does not occur during the
working life.

Information on health risk assessment of se-
lected industrial substances was available
worldwide, thus it is assumed that the same
biomarkers, which were recently well defined [11],
have been used by experts of the WHO Study
Group and international experts. However, the
OEL values in selected countries for the sub-
stances reviewed by the WHO Study Group varied
significantly [1,2,12].

OEL:s for metals as well as for organic solvents
in the majority of selected countries are considered
as Time-Weighted Average (TWA) concentra-
tions. In some countries, as for example the Rus-
sian Federation, for some substances, OELs are
considered as Maximum Permissible Concentra-
tions, which cannot be exceeded at any time; how-
ever, there is no need to specify them in this
analysis.

Values of health-based OELs recommended by
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the WHO Study Group for selected metals and
organic solvents are inbetween values of the
Russian Federation and values of OELs of other
countries, except the OEL for cadmium, the
WHO-recommended value of which is the same as
the value established in the Russian Federation.
OELs of the analyzed substances in Australia,
Finland, Germany, Japan and the USA are the
same or varied slightly. OELs established in
Poland for metals and organic solvents under con-
sideration are higher than the lowest OELs of
Russia and lower than the OELs in other coun-
tries, such as Australia, Finland, Germany and
Japan.

The above-mentioned metals and solvents are of
systemic effect, thus expert judgement results may
fluctuate more than expert assessment of respira-
tory irritants for which the same critical effect (ir-
ritation) was used. The difference between
WHO-recommended health-based OELs and
OELSs for irritants in selected countries was lesser
than in the case with metals and solvents. The vari-
ation of OELs for respiratory irritants between
their values in selected countries was also lesser,
However, when for example the MAC values of
the Russian Federation were compared with STEL
(Short-term Exposure Limits) of Australia,
Finland or USA, the difference was increasing
again.

It is known that Western European countries,
USA, Australia and Japan have a similar philoso-
phy and policy of OEL establishment which serves
as a basis for definition of OELs which conse-
quently leads to a similar or same definition and
quantification of the critical criteria for OEL value
derivation, such as: (i) adverse effect level; (ii)
lowest-observed-adverse-effect level; (ili) no
observed-adverse-effect level; (iv) uncertainty fac-
tor. All these determinants require expert judge-
ment which depends on the philosophy and
methodology accepted in the country. Therefore,
internationally agreed definitions of these critical
indicators may foster harmonization of
methodology, approaches and philosophy, har-
monization of criteria documents and finally har-
monization of OELs in Member States.

This task became a component of a new WHO
project on Guiding Principles and Guidance

Values for Occupational Exposure Limits with the
main objective to develop general scientific bases
for Health-based Occupational Exposure Limits.
It is envisaged to define, at the international level,
the scope and content of criteria documents as well
as scientific bases and principles for health-based
occupational exposure limits. It is expected that it
will help and stimulate countries to develop appro-
priate legislation and to create national lists of oc-
cupational exposure limits for toxic chemicals and
to develop a mechanism for OEL enforcement in
those countries which still do not have a national
list of OELs for toxic chemicals.

In conclusion, mention should be made that
there is a need for harmonization and interna-
tionally accepted definitions of OELs, critical cri-
teria for OEL value derivation, harmonization of
approaches, methodology and health risk assess-
ment procedure which serve as scientific bases for
OEL establishment. Commonly accepted defini-
tions, approaches and procedures will lead to the
harmonization of criteria documents which would
foster the achievement of the final objective of oc-
cupational health practice which is the improve-
ment of health risk management in the workplace.
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