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Abstract
Given the multidisciplinary characteristics of Occupational Safety and Health (OSH), the applicable metrological
techniques in this field are as numerous as they are difficult to classify. Added to this is the more important problem of
those techniques that are currently pending development or updating according to current prevention needs.
Such needs are especially a priority in those industrial environments where the use of new technologies, besides
generating traditional occupational risks, can generate other risks described by the European Agency for Safety and Health
at Work as "New and Emerging Risks” in OSH.
This paper proposes a classification of the metrological techniques based on preventive criteria of a professional character,
to solve the problems mentioned previously. This classification allows the identification of those techniques that require
new research with the aim of adapting them to current demands of industrial processes.
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1. Introduction
Occupational health and safety (OHS) is a broad field of professional practice, which involves specialists from
different disciplines including but not limited to engineers, occupational health physicians, physical and biological
scientists, economists, and statisticians [1].
Among these professionals are OHS specialists. OHS specialists analyze many types of work environments and
work procedures. Specialists inspect workplaces for adherence to regulations on safety, health, and the environment. They
also design programs to prevent disease or injury to workers and damage to the environment [2].
There are mainly three ways to perform a risk assessment: qualitative way, semi quantitative way, and
quantitative way [3]. Most OSH practitioners use semi-quantitative risk assessment methods to assess the risk of
occupational accidents, in which the risk matrix is the principal metric used and the decisions regarding risk acceptance
are supported by quantitative criteria [4]. Risk assessment has been traditionally involved in quantifying the risk of an
incident based on two or more aspects, such as the likelihood of a risk (frequency) and the impact or consequence of the
risk occurring (severity) [5]. In general, quantitative and semiquantitative risk matrices have limited ability to correctly
reproduce the risk ratings implied by quantitative models especially if the two components of risk (e.g., frequency and
severity) are negatively correlated [6].
According to Castejón [7], any risk assessment should begin with the process of identifying risk factors, to
continue with the measurement of those factors that were unable to be eliminated in order to finish with a comparison of
observed values with the reference values. When expressing the result of a measurement of a physical quantity, it must
be some quantitative indication of the quality of the result, so that those who use this result can assess their suitability.
Without such information, measurements cannot be compared with each other or with other reference values given in
specifications or standards. It is therefore necessary to establish an easily understood and universally accepted procedure
for characterizing the quality of a measurement result; that is, for evaluating and expressing its uncertainty [8].
Recent developments in risk assessment acknowledge the need to capture both quantitative and qualitative
uncertainties in order to better understand and manage risks [9]. In safety literature this topic has been discussed already
for a long time, and most likely will be an issue for the years to come [10]. If uncertainty cannot be properly treated in
risk assessment, the risk assessment itself fails to perform as an informative tool for decision making, as intended [11].
Johansen y Rausand [12] consider that the ambiguity is a critical challenge that has not been fully recognized
and explored in risk assessment; neither from a theoretical nor from a practical point of view. These authors define
ambiguity as: the existence of multiple interpretations concerning the basis, content, and implications of risk information.
Furthermore, they understand by risk information we mean descriptions of risk in a broad sense, such as scenarios,
probability distributions, risk metrics, uncertainty factors, and sensitivities [13].
Risk metrics are essential for expressing, communicating, and using the results of risk analysis in risk informed
decision-making. Not only do all metrics have limitations; the soundness of quantitative results is in itself a debated issue.
A challenging topic for further research is the interpretation of uncertainty in relation to risk metrics [14].
Finally, it is also important to note the problem of terminologies used around the measurement uncertainty in the
OHS field. In this regard, and as an example, in a study [15] on the use of leading indicators to measure OHS performance,
the root of the term, indicator, is often substituted for metric, measure, or index.
1.1. Research problem
Given the multidisciplinary characteristics of OSH, the applicable metrological techniques in this field are as
numerous as they are difficult to classify. Added to this is the more important problem of those techniques that are
currently pending development or updating according to current prevention needs, among which are those related to
measurement uncertainty. This parameter is essential for expressing, communicating, and using the results of occupational
risk assessment.
1.2. Goals
The main goal of this work is to develop a proposal for the classification of the measurement techniques applied
to measurement physical magnitude associated with the occupational risk assessment, especially related to the
measurement and calculation of the accumulated dose reaching the affected worker. From this classification, it aims to
establish a starting point to identify those techniques that require further research in order to adapt to the current demands
of industrial processes, especially with regard to the measurement uncertainty.
2. Measurement of risk factors
As indicates Castejón [7], during the measurement of risk factors in the risk assessment process, it is important
to clearly distinguish those situations where these factors are susceptible to cause accidents (immediate effects) to those
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which would produce possible injury, if it occurs, in the long term. In the first case, the measurement is specified in
estimating the probability of the occurrence of the accident and the consequences of this for, from both data, assessing
the risk. In the second, it is necessary to measure the intensity of the action of the risk factors (dose), which usually takes
the form of the accumulated dose reaching the affected individual.
Regarding the safety design and acceptability of industrial technologies and activities, the risk assessment is a
valuable technical tool which can be proactively used to inform with quantitative analyses the decision making process
[11]. Zio y Aven [11] add that the techniques of uncertainty analysis sustaining the assessment are traditionally
probabilistic, based on a Bayesian approach.
Regarding the risk assessment from the point of view of health, a quantitative assessment of exposure is necessary
for more exact health risk evaluation. It consists of measuring the intensity or concentration, the variation in time, the
total duration of exposure, as well as the number of workers exposed [16]. Biological and environmental monitoring starts
with a study on the industrial hygiene work environment for identifying possible risks and contaminant sources and
establishes the need for measurements [17]. As indicated by Castejón [7], for chemical and physical agents, the hypothesis
that the decisive variable in relation to their ability to produce long-term damage is the accumulated dose, which can be
defined as a magnitude proportional to the product of a factor intensity of exposure by the time exposure, is usually
accepted. In the case of chemical and biological agents, the intensity factor usually refers to the environmental
concentration. For physical agents, the factor is usually the energy intensity per unit time at which the worker is exposed.
From the above, the measurement techniques applied to risk assessment can be classified into two groups,
depending on whether the measurement is applied to physical or non-physical magnitudes. In turn, these magnitudes may
be environmental or non-environmental, and immediate or long-term harmful effects.
3. Metrological techniques in OSH
In this work, metrological techniques associated with risk assessment shall be understood as those applicable to
the measurement of physical magnitudes, both environmental and non-environmental of labor origin and of immediate or
long-term effects.
With regard to environmental metrological techniques, it shall be understood as those applied to the evaluation
of risk factors of occupational exposure to chemical, biological and physical agents. Such techniques will be part,
normally, of specific techniques in industrial hygiene. Regarding the non-environmental techniques, it shall be understood
as those applicable to the assessment of risk factors other than chemical, biological and physical agents. These techniques
will be part, normally, of specific technical safety and occupational ergonomics.
3.1. Metrological techniques of non-environmental physical magnitudes
Given the broad of the professional field in OHS [1], non-environmental physical magnitudes related to the risk
assessment applied occupational safety, are also extent. In addition, techniques for uncertainty analysis that support these
assessments are traditionally probabilistic, based on a Bayesian approach [11].
Similarly, the physical magnitudes related to ergonomics, are characterized as being associated with a broad
array of fields of knowledge. According to the International Ergonomic Association [18], ergonomics promotes a holistic
approach where physical, cognitive, social, organizational, environmental and other relevant factors should be considered.
Thus, the field of action of this discipline is very broad, as follows: Physical ergonomics: is concerned with human
anatomical, anthropometric, physiological and biomechanical characteristics as they relate to physical activity; Cognitive
ergonomics: is concerned with mental processes, such as perception, memory, reasoning, and motor response, as they
affect interactions among humans and other elements of a system; Organizational ergonomics: is concerned with the
optimization of sociotechnical systems, including their organizational structures, policies, and processes.
Thus, as indicated by Haimes [19], the omnipresent adaptations of risk analysis by many disciplines, along with
its deployment by industry and government agencies in decision making, have led to an unprecedented development of
the theory, methodology, and practical tools.
For example, in a study carried out by Marhavilas et al. [20], the main methods and techniques of analysis and
risk assessment were analyzed by reviewing the scientific literature published by six representative Elsevier journals
covering the decade 2000-2009. In this regard, cited researchers identified 404 articles related to techniques relating to
diverse areas like engineering, medicine, chemistry, biology, agronomics, etc. The risk analysis and assessment
techniques analyzed are classified into the following three main categories, along with their frequencies: quantitative
(65.63%); qualitative (27.68%); hybrid (6.70%) (qualitative-quantitative, semi-quantitative).
Khan et al. [21] analyzed during 1990 and 2012 the evolution and development of methods and models applied
to process safety and risk management. For this, the authors studied the publications of the main journals in the field.
From the data obtained, it is observed that between 2007 and 2012, there are over 40 developments a year. In this study,
the methods identified were classified into four types, as follows: qualitative, semi-quantitative, quantitative and hybrid
(combination of quantitative and qualitative techniques). With this classification, these authors observed how related
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research, with quantitative and hybrid techniques, is increasing more than the qualitative or semi-quantitative related
techniques.
3.2. Metrological techniques of environmental physical magnitudes
Environmental metrological techniques can be delimited with greater clarity than non-environmental techniques,
as they are circumscribed to the assessment of risk factors of occupational exposure to chemical, biological and physical
agents. Thus, the European directives related to such agents, from the perspective of the metrological aspects considered
by them, are analyzed next.
METROLOGICAL TECHNIQUES
ENVIRONMENTAL PHYSICAL

DIRECTIVE

METROLOGICAL
ASPECTS
MA
MU
IM

CHEMICAL

Chemical agents

Directive 98/24/CE [27]
Directive 2000/39/CE [28]

YES

NOT

NOT

BIOLOGICAL

Biological agents

Directive 90/679/CEE [29]

NOT

NOT

NOT

Noise

Directive 2003/10/CE [30]

YES

YES

NOT

Vibrations

Directive 2002/44/CE [31]

YES

YES

YES

Directive 89/654/CEE [32]

NOT

NOT

NOT

YES

YES

YES

YES

YES

YES

YES

NOT

NOT

Thermal Environment

PHYSICAL

Non-ionizing
radiation

Artificial optical
radiation
(100 nm- 1 mm):
Directive 2006/25/CE [33]
ultraviolet radiation,
visible radiation and
infrared radiation
Electromagnetic
fields
Directive 2013/35/UE [34]
(0 Hz – 300 Hz)

Ionizing radiation

Directive 90/641/Euratom [25]
Directive 80/836/Euratom [26]

Table 1. Classification of the metrological techniques of environmental physical magnitudes
In Table 1, the main results are shown, for which the following criteria has been applied:
a) Selection of directives: directives have been selected specific to the OSH field;
b) Classification of agents and associated directives: chemical and biological agents, have specific directives for
each of them. Physical agents have been ordered taken as reference the classification developed by [22], so that
the noise, vibration, artificial optical radiation and electromagnetic fields are agents associated with specific
directives. Heat and cold are integrated in a directive of general application in the workplace. Heat and cold are
integrated in a directive of general application in the workplace. Regarding the European framework which
regulate ionizing radiation, is particularly broad and complex, where as with other contaminants (for example
chemicals), exist directives which are applicable both in the OSH field as to the general population (as occurs
with radioactive installations through Directive 96/29/Euratom [23], or to medical exposures through Directive
97/43/Euratom [24]). In this case, only Directive 90/641/Euratom [25] is contemplated, and as an exception to
the first criteria, the Directive 80/836/ Euratom [26] is considered too -according first article of Directive
90/641/Euratom [25]-);
c) Metrological aspects: each selected directive has been analyzed with the purpose of determining if the assessment
methodology considered contemplates (YES) or does not contemplate (NOT) the following: (1) measurement
agent (MA); (2) measurement uncertainty (MU); (3) as an alternative to the measurement, the possibility of using
the information provided by the manufacturers of the work equipment that can generate specific agents (IM).
Regarding the results shown in Table 1, the main metrological aspects considered (YES) for each directive are shown in
greater detail:
(1)
Measurement uncertainty (MU): Noise: Directive 2003/10/CE [30]: the measurement uncertainty is not
covered directly. Instead, it is indicated that the assessment of the measurement results shall take into account the
measurement inaccuracies determined in accordance with metrological practice; Vibrations: Directive 2002/44/CE [31]:
It is not covered directly the measurement uncertainty. In its place the Directive considered the following standards: handarm vibration (HAV): ISO 5349-1: 2001 [35]; ISO 5349-2: 2001 [36]; whole body vibration (WBV): ISO 2631-1: 1997
[37]. Of these three standards ISO 5349-2 [36] only considers the uncertainty; It matches that this standard is the only of
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the three specific application to the workplace; Artificial optical radiation: Directive 2006/25/CE [33]: the methodology
applied in assessment, measurement and/or calculations shall follow the standards of the International Electrotechnical
Commission (IEC) in respect of laser radiation and the recommendations of the International Commission on Illumination
(CIE) and the European Committee for Standardisation (CEN) in respect of non-coherent radiation. In exposure situations
which are not covered by these standards and recommendations, and until appropriate EU standards or recommendations
become available, assessment, measurement and/or calculations shall be carried out using available national or
international science-based guidelines; Electromagnetic fields: Directive 2013/35/UE [34]: in order to facilitate the
implementation of this Directive the Commission shall make available non-binding practical guides at the latest six
months before 1 July 2016. Those practical guides shall relate, among others, to guidance for dealing with measurements
and calculations uncertainties. If compliance with the exposure limit values cannot be reliably determined on the basis of
readily accessible information, the assessment of the exposure shall be carried out on the basis of measurements or
calculations. In such a case, the assessment shall take into account uncertainties concerning the measurements or
calculations, such as numerical errors, source modelling, phantom geometry and the electrical properties of tissues and
materials, determined in accordance with relevant good practice.
(2)
Possibility of using the information provided by the manufacturers (IM): Vibrations: Directive
2002/44/CE [31]: the level of exposure to mechanical vibration may be assessed by means of observation of specific
working practices and reference to relevant information on the probable magnitude of the vibration corresponding to the
equipment or the types of equipment used in the particular conditions of use, including such information provided by the
manufacturer of the equipment. That operation shall be distinguished from measurement, which requires the use of
specific apparatus and appropriate methodology; Artificial optical radiation: Directive 2006/25/CE [33]: it is not
necessary for employers to repeat the measurements or calculations already undertaken by the manufacturer to determine
compliance with the essential safety requirements of such equipment as specified in the applicable Community Directives,
provided that the equipment has been properly and regularly maintained. In both exposure situations contemplated in (2),
the assessment may take account of data provided by the manufacturers of the equipment when it is covered by relevant
Community Directives; Electromagnetic fields: Directive 2013/35/UE [34]: for the purpose of the assessment, the
employer shall also be entitled, where relevant, to take into account the emission levels and other appropriate safetyrelated data provided, by the manufacturer or distributor, for the equipment, in accordance with relevant Union law,
including an assessment of risks, if applicable to the exposure conditions at the workplace or place of installation.
The set of results obtained in this section, it can be shown schematically in Fig. 1.
SPECIALITY
OHS

NON
ENVIRONMENTAL

IMMEDIATE
EFFECTS
LONG TERM
EFFECTS

PHYSICAL
MAGNITUDES
IMMEDIATE
EFFECTS
ENVIRONMENTAL
LONG TERM
EFFECTS

EVALUATION OF
RISK FACTORS
OF
OCCUPATIONAL
EXPOSURE ¹
CHEMICAL,
BIOLOGICAL AND
PHYSICAL
AGENTS
EVALUATION OF
RISK FACTORS
OF
OCCUPATIONAL
EXPOSURE =
CHEMICAL,
BIOLOGICAL AND
PHYSICAL
AGENTS

SAFETY AND
OCCUPATIONAL
ERGONOMIC

MULTIDISCIPLINARY

CHARACTERISTICS

VERY BROAD

METHODOLOGICAL
CHARACTERISTICS

VERY BROAD

SUBCLASSIFICATION
TECHNIQUES

· QUANTITATIVE/
SEMICUANTITATIVE
· QUALITATIVE
· HYBRID

(TABLE 1)
INDUSTRIAL
HYGIENE

BROAD

BROAD

· CHEMICAL
· BIOLOGICAL
· PHYSICAL

Fig. 1. Classification proposal of metrological techniques in OSH
4. Analysis and discussion of results
The process of measuring risk factors and associated uncertainty analysis is part of the risk assessment process.
However, depending on the characteristics of the risk assessment methodology, the process of measurement and
uncertainty analysis can be performed on physical magnitudes or non-physical magnitudes. In the case of analysis of
physical magnitudes, the measurement process will be associated with the use of instrumentation, and therefore
metrological techniques should be applied. In other cases, other measurement techniques are used.
With the proposed classification of metrological techniques, it is possible to differentiate between environmental
and non-environmental variables. The main advantage of this classification is that it allows an approach to differentiate
between OSH specific methodologies and other methodologies of a more general scope, as shown in Fig. 1.
For this, the environmental agents considered have been mainly analyzed from the perspective of industrial
hygiene. This approach focuses on the dose received by the exposed worker. Thus, the methodologies associated with
environmental variables are likely to be linked to concrete European directives, as shown in Table 1, and thereby allow a
starting point relative to metrological analysis of each of these variables. However, regarding the non-environmental
variables, it has been verified by analysis of different research, especially those of [20] and [21], that there is a significant
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and continuing growth in the number of risk assessment methodologies. In addition, these methodologies are characterized
as being related to many different professional fields. Such circumstances form a broad and complex metrological area.
Environmental agents should also be analyzed from the point of view of ergonomics and safety perspectives.
From the perspective of these disciplines, the complexity of the methodological framework used in risk assessment
matches the scenario identified through studies by [20] and [21].
With regard to the 10 directives analyzed, in relation to environmental agents, 9 of which contemplate the
measurement process, and only 4 also provide for the consideration of uncertainty, more or less directly. In the best case,
that is when directives consider the measuring agent (MA) and the measurement uncertainty (MU), two aspects are mainly
observed: (a) with respect to the specific methodologies used, in the best case, the information is incomplete. Such a
circumstance occurs with noise, where the Directive contains the standard ISO 1999: 1990 [38] (now ISO 1999/2013
[39]). However, since the publication of the Directive in 2003, it was not until the publication of standard ISO 9612 in
2009 [40], to provide a methodology to determine the exposure to noise at work, using different measurement strategies
and uncertainty analysis in accordance with metrological practice; (b) three directives, include the possibility to use the
measurement results of the manufacturer in the risk assessment process, avoiding, where appropriate, measurement in the
workplace (in any case, in any risk assessment process the information provided by the manufacturer should be
considered). In these three cases, a representative example from the point of view of the definition of the procedure to be
used "by estimation", is the relative to hand-arm vibration through the standard CEN/TR 15350: 2013 [41]. However, in
the application of that standard there are aspects concerning the treatment of the uncertainty of the data (acceleration) that
remain unresolved. In addition, there is currently no equivalent standard in relation to whole-body vibration.
The previous considerations are based on a traditional approach to the risk. Using a broader perspective, where
risks characterized as new and emerging can also be considered, there are even more challenging unresolved metrological
issues. An example of the above, in the use of chemical agents, is occupational exposure to nanoparticles [42]. In this
regard, there are many metrological issues that have yet to be better defined at nanoscale [43]. The technical and scientific
strategies focused on new and emerging issues of concern can be improved by adopting the NER model proposed by [44].
5. Conclusion
The measurement techniques applied to the evaluation methodologies of occupational risk evaluation are
characterized as being associated with many fields of knowledge, and therefore a multitude of measurement procedures
on both physical and non-physical magnitudes.
In both cases, there is growing scientific and technological interest in the treatment and uncertainty analysis.
Regarding physical magnitudes, with this paper a classification of metrological techniques has been developed,
which allow an approach to differentiate OSH specific methodologies from other methodologies of a more general scope.
In the first case, it has been revealed, with the directives analyzed, that there is a basic problem in relation to the definition
of measurement strategies and uncertainty analysis. In the second case, the problem may be even greater because of the
number and diversity of new methodologies that are published every year.
To dimension and define in detail the problems identified, and consequently propose solutions, it is necessary to
develop new researches focused on specific risk assessment methodologies. These needs are more relevant in the field of
new and emerging occupational risks.
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