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ABSTRACT

Background: Classifying economic activities into risk levels is an occupational health and safety practice
that several countries worldwide observe. It allows government agencies to formulate public policies
with occupational risk prevention requirements tailored to each activity’s needs. Further, this level of risk
directly influences companies’ contributions to occupational risk insurers, whether public or private,
according to the dangerousness of their activity. In Ecuador, the classification of economic activities into
risk levels was carried out by a Committee of Experts based on administrative data. However, this
classification has been questioned for its lack of objectivity and for using administrative records, where
underreporting cases limit the accuracy and comprehensiveness of the data.
Methods: This cross-sectional, descriptive, and comparative study uses data from the National Survey of
Employment, Unemployment, and Underemployment (ENEMDU). Estimates of the incidence rates of
injuries and illnesses by economic activity were grouped into three clusters (high, medium, and low)
according to the level of risk.
Results: An alternative risk classification of economic activities was obtained and compared with the
existing classification.
Conclusions: Our results help mitigate the uncertainty in the current risk classification of economic
activities’ lack of methodological rigor and evaluate the relevance of using data from the ENEMDU
survey. They also allow a comparison of two risk classifications developed from different methodologies
and data sources. From a practical perspective, the results will help decision-makers clarify current
regulations in Occupational Safety and Health (OSH) policies.
© 2025 Occupational Safety and Health Research Institute. Published by Elsevier B.V. on behalf of
Institute, Occupational Safety and Health Research Institute, Korea Occupational Safety and Health
Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

contributions to occupational risk insurers, whether public or pri-
vate, according to the dangerousness of their activity [1].

Classifying economic activities into risk levels is an occupational Taking the National Classification of Economic Activities (ISIC)
health and safety practice that several countries worldwide observe. [2] as a reference, several countries have formalized their sectoral
It allows government agencies to formulate public policies with occupational risk scales through different legal and regulatory
occupational risk prevention requirements tailored to each activity’s bodies. For example, in the United States of America, the Occupa-
needs. Further, this level of risk directly influences companies’ tional Safety and Health Act empowers the Occupational Safety and
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Health Administration (OSHA) to issue sectoral regulations [3]. The
OSHA establishes differentiated standards according to the occu-
pational risks of sectors such as construction, manufacturing, and
agriculture [4]. The European Union’s countries maintain regula-
tions at the community level, such as Directive 89/391/CEE, which
requires member countries to establish national regulations clas-
sifying risk levels by economic sectors [5]. For example, in Spain,
Law 31/1995 on the prevention of occupational risks establishes the
bases for the highest-risk sectors to have specific regulations, and
the Royal Decree 39/1997 classifies the risk levels according to
economic activities and defines the obligations of companies in the
management of occupational risks [6,7].

In South America, several countries have established specific
regulations to classify economic activities by levels of occupational
risk. For example, through Law 1562 of 2012 and Decree 1072 of
2015, Colombia classifies economic activities according to five
levels of risk and defines the responsibilities of companies in the
management of occupational risks according to each risk level [8,9].
Through Law 24,557 of 1995 on occupational risks, Argentina
classifies economic activities by risk level. These levels are peri-
odically updated by the Superintendency of Labor Risks, which also
determines the contribution rates and preventive obligations [10].
Finally, through Resolution No. 2018-001, Ecuador has classified
economic activities according to three levels of occupational risk—
low, medium, and high—[11] and has established management re-
quirements in occupational risk prevention for organizations ac-
cording to their size and level of risk through Executive Decree 255
of 2024 [12].

Although many countries’ regulations recommend classifying
occupational risk by levels in the different economic sectors, the
methodological options for establishing these risk levels can mainly
follow three paths, depending on the data source used, which may
affect the accuracy of the classification. One way is to analyze
administrative records of occupational injuries and illnesses, which
make it possible to identify economic activities with high morbidity
and mortality rates, facilitating the implementation of specific in-
terventions to promote safe and healthy work environments [13].
For example, Spain annually ranks the dangers of economic activ-
ities based on administrative records of injuries and illnesses of the
population affiliated with the social security system [14]. Similarly,
Safe Work Australia uses national statistical information sources to
develop the Australian Work Health and Safety Strategy 2023—
2033, which establishes a roadmap to reduce the overall incidence
of occupational injuries and illnesses to below 3.5% [15]. However,
administrative records are often not available or accessible. In
addition, these records have various weaknesses that limit under-
standing of reality, such as the underreporting of injuries and ill-
nesses [16] and the tendency to consider prevalence rather than
incidence indicators, which limits comparability between eco-
nomic activities [13,17].

The second method involves using specialized national surveys on
working conditions to assess each sector’s occupational risks. Na-
tional working conditions surveys [13,18—20] based on represen-
tative sample designs counteract the limitations of official statistics
and provide a complete and more accurate picture of the extent of
occupational health problems through self-reports by surveyed
workers [21]. For example, France cross-references the information
collected through the “Enquéte Conditions de Travail — ECT” survey
on physical conditions, workloads, schedules, ergonomics, and
workers’ perceptions with sectoral information to identify the
highest risk activities [22]. In Spain, the active population survey
(EPA) data are supplemented by statistical analysis methods on the
incidence of occupational accidents and illnesses by the economic
sector [14]. Through the Health and Safety Executive (HSE), the
United Kingdom implements a composite index of occupational risk

that includes rates of occupational accidents and illnesses, stress
levels, and mental health by sector. Finally, the Netherlands uses
occupational exposure matrices to identify levels of exposure to
chemicals by sector and cross-reference them with epidemiological
studies and medical records [23]. Examples of studies using such
surveys to estimate incidence rates of work-related injuries and
illnesses have been conducted in Europe and Asia [24—29], as well
as in Latin American and Caribbean countries [30,31].

The third method involves evaluating and classifying occupa-
tional risks by multidisciplinary committees of occupational health
and safety experts from each economic sector. These committees
analyze the working conditions and risks of each activity. This
method has been used in some Latin American countries. For
example, in Chile, it is through the Institute of Labor Safety (ISL),
and in Ecuador, it is through the Interinstitutional Committee on
Safety and Hygiene at Work [11]. However, the subjectivity asso-
ciated with this type of analysis and the lack of clarity regarding the
methodological criteria used for selecting the committee experts
could reduce the reliability and confidence of these processes.

1.1. The case of Ecuador

In Ecuador, the classification of economic activities into risk
levels was carried out by a Committee of Experts based on
administrative data, and it materialized in Resolution No. 2018-001
[11]. This Committee of Experts, the Interinstitutional Committee
on Safety and Health at Work (CISHT), comprises representatives
from the public and private sectors. CISHT analyzed administrative
data on accidents and illnesses from the records provided by the
Ministry of Labor and the Ecuadorian Social Security Institute. Thus,
Resolution No. 2018-001 classifies economic activities into high,
medium, and low according to the level of occupational risk based
on the probability that the hazards present in the working condi-
tions may cause damage to health (see Table 2). For example, or-
ganizations that carry out accommodation and food service
activities (H) are classified as low occupational risk, while teaching
(0) s considered as medium occupational risk, and construction (E)
as high occupational risk. This classification serves to regulate ex-
ecutive actions in the OSH field. For example, the level of risk de-
termines the number of OSH specialist professionals in each
organization [12].

However, Resolution No. 2018-001 has two critical concerns.
First, it has been questioned because its design lacks a solid sci-
entific basis and objective evidence to support its methodological
approach [32]. In this regard, the Resolution is quite confusing and
very opaque in its classification criteria. Thus, Article 4 states that
“economic activities shall be classified according to their proba-
bility and consequence concerning exposure to risk factors, statis-
tics on occupational accidents and occupational diseases, and other
variables determined by the Committee” [11, Article 4]. Regarding
probability, Article 5 states that high risk “represents those with a

high probability that the hazards may cause harm ... ," medium risk
“represents those with a moderate probability ... ," and low risk
“represents those with a low probability ... " [11, Article 5]. How-

ever, it does not specify what constitutes high, moderate, or low
probability, leaving this criterion entirely at the discretion of the
Committee of Experts. Regarding the consequences criterion,
Article 5 indicates that high risk is defined as having “very serious
consequences that affect the entire organization,” medium risk is
described as having “considerable consequences that impact the
results or work of others,” and low risk is defined as having “minor
consequences that have some impact on results or activities” [11,
Article 5]. Again, this criterion is entirely subjective, and it is at the
discretion of the Committee of Experts. Consequently, the criteria
used by Resolution 2018-001 are lax and subjective, and no
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evidence or records have been found by the CISHT that clarify the
methodology used in this classification.

Additionally, this standard likely adopted the classification used
in other countries without due adaptation or was influenced by
political and economic factors of interested parties instead of being
based on objective results of reference research [33,34]. Second, the
Committee of Experts used administrative records, where under-
reporting cases, especially in small and medium-sized enterprises,
which often do not report accidents and illnesses to the competent
authorities, limit the accuracy, and comprehensiveness of the
data [21,35].

Considering the above, the objective of this research is to pro-
pose an alternative classification of the risk of economic activities
based on data from the National Survey of Employment, Unem-
ployment, and Underemployment (ENEMDU) [36] and compare it
with the classification of Resolution No. 2018-001. To this end, the
incidence rate of accidents and occupational diseases was first
estimated. Then, economic activities were classified into levels of
occupational risk (high, medium, and low) through a cluster anal-
ysis and, finally, both classifications were compared (the one pro-
posed by this study and that of Resolution No. 2018-001) by
analyzing the similarities and differences between them.

This study is part of the Ecuadorian Observatory of Safety and
Health at Work initiative and offers several contributions. First, it
helps mitigate the uncertainty involved in the lack of methodological
rigor of Resolution 2018-001 about the risk classification of eco-
nomic activities. Second, it evaluates the relevance of using data
from the ENEMDU survey for the risk classification of economic
activities. Third, it will allow a comparison of two risk classifications
developed from different methodologies and data sources. Fourth,
from a practical perspective, the results of this research will help
decision-makers in OSH policies to clarify current regulations
[37,38].

2. Material and methods
2.1. Study design and population

This cross-sectional, descriptive, and comparative study utilizes
data from the 2017 National Survey of Employment, Unemploy-
ment, and Underemployment (ENEMDU), conducted by the Na-
tional Institute of Statistics and Census (INEC) in Ecuador. Approval
from an ethics committee was not necessary since the data were
anonymized from secondary sources and posed no risk to life or
human rights.

The ENEMDU is a national survey that, due to its methodological
design, represents one of the most important instruments for
studying the employment situation, the characterization of the la-
bor market, and the economic activity of companies in the country.
Details on the sample design and the applied questionnaire can be
found on the INEC website [39]. The ENEMDU is carried out annually
from 2010 to the present. However, only the 2017 form included
questions about damage to health due to or on the occasion of work.
Therefore, the data for this study correspond to 2017.

Of a total of 58,888 people surveyed by ENEMDU, 13,242 (22.5%)
were employed in the formal sector of the economy. In Ecuador,
employment in the formal sector comprises salaried or self-
employed workers affiliated with the Social Security System and
who have the Single Taxpayer Registry (RUC) for companies and
natural persons. The RUC classifies the main economic activity to
which the person, entity, or company is engaged according to the
ISIC [40]. Workers in the informal sector were not considered for
this paper since occupations in this sector cover multiple tasks, and
the working conditions are usually heterogeneous compared to
those in formal economic activities.

This study includes workers between 18 and 73 years of age.
Workers under 18 were excluded due to the prohibition of working
in some economic activities, such as construction, mining, or the
chemical and toxic processing industry [41]. Workers up to 73 were
included since many older workers remain active in the labor
market due to low retirement pensions and increased life expec-
tancy [42]. After reviewing possible null or blank records, the final
study sample comprised 12,961 workers (weighted sample of
3,653,668 workers), 59.1% were men, and 40.9% were women.

2.2. Study variables

2.2.1. Economic activity

The ENEMDU 2017 collects information on the main economic
activity the respondent worked on during the interview. According
to the ISIC in Ecuador, economic activity is classified into twenty-
one categories (Supplementary Table 1, see table footnote) [40].

2.2.2. Occupational injuries and illnesses

ENEMDU question 61A6 asks about the occurrence of an injury
(“During the last 12 months, have you had an accident while per-
forming your current job?”), and question 61A7 asks about illnesses
of possible occupational origin (“Have you suffered from any illness
caused by the activities of your current job?”). The response options
were “Yes” and “No/Don’t know.” These questions are relevant to
understanding how working conditions influence workers’ health
and allow for comparative analyses between economic activities at
the national level [21].

2.3. Statistical analyses

All statistical analyses were performed using JAMOVI software
[43] (version 2.3.21.0). The expansion factor included in the ENEMDU
was applied to counteract possible biases in the estimates. Thus, the
proportional weights of the population were adjusted according to
economic activity, providing nationally representative estimates.

The distribution of affirmative (“yes”) responses to the variables
of interest was quantified to estimate the incidence rates of injuries
and illnesses. Activities in private households with domestic service
(T) and activities in extraterritorial organizations (U) were excluded
since they did not present self-reports of work-related injuries and
illnesses. Then, the incidence rate was estimated, both crude and
specific, by age groups (18—24 ..., and 67—73 years) for each eco-
nomic activity per 100,000 workers. Subsequently, the age-
adjusted rate and its confidence intervals (95% CI) were calcu-
lated using the direct method, taking the weighted study popula-
tion as standard. The result of the rate adjustment allowed for a
more precise comparison between economic activities.

To classify economic activities according to the level of occu-
pational risk (high, medium, and low), a K-means cluster analysis
was performed with three clusters, including the adjusted inci-
dence rates of occupational injuries and illnesses, using the
Hartigan-Wong algorithm [44].

3. Results
3.1. Estimating incidence rates of injuries and illnesses

The characteristics of the sample and the estimated prevalence
of occupational accidents and diseases showed significant differ-
ences in the distributions by sex, age, and economic activity
(p < 0.001) (See Supplementary Material, Table 1).

The crude rates per 100,000 workers were 2200.5 (95% CI:
2185.2—2216.0) for injuries and 5114.5 (95% CI: 5091.1-5138.0) for
illnesses. When estimating the rates by age groups (see
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Table 1
Cluster analysis result

Cluster Risk level Description Centroids Economic activities

Injuries Illnesses
High High incidence of injuries and illnesses 1.286 0.908 Five: A,B,D,E, O

2 Medium Low incidence of injuries and high incidence of illnesses -0.735 0.654 Five: H, K, L, P, Q

3 Low Low incidence of injuries and illnesses —0.306 —0.868 Nine: C,F, G, I,J, M, N,R, S
Table 2 Supplementary Figure 1), higher values were observed in the age

Comparison between the risk classification of economic activities according to
Resolution No. 2018—001 and the result of our analysis based on ENEMDU 2017

Economic activities Occupational risk

level
Current New
Agriculture, livestock hunting, and forestry and A Medium High
fishing
Exploitation of mines and quarries B High High
Manufacturing industries C Medium Low
Electricity, gas, air conditioning supplies D High High
Water distribution, sewage E Medium High
Construction F High Low
Trade, vehicle repair G Low Low
Transportation and storage H High Medium
Accommodation activities and food services I Low Low
Information and communication ] Low Low
Financial and insurance activities K Low Medium
Real estate activities L Low Medium
Professional, scientific, and technical activities M High Low
Administrative and support activities and N Low Low
services
Public administration, defense, and social (0] Medium High
security
Teaching P Medium Medium
Activities, social and health services Q Medium Medium
Arts, entertainment and recreation R Medium Low
Other service activities S Low Low
Activities in private homes with domestic T Low =
service
Activities of extraterritorial organizations 8] Low —

* Resolution No. 2018-001, issued by the Interinstitutional Committee on
Occupational Health and Safety (CISHT) [11].

range between 25 and 45 years. However, younger workers aged 18
to 24 had notably high values, with a rate of 2184.8 (95% CI: 2143.4—
2227.0). Regarding illness rates, an increase in risk was observed
from 39 years to 73 years, reaching a rate of 8193.3 (95% Cl: 7957.2—
8436.5).

The highest injury rates per 100,000 workers were electricity, gas,
and air conditioning supplies (D) with 6113.0, mining and quarrying
(B) with 4703.9, water distribution, sewage, waste management, and
sanitation activities (E) with 4250.8, and agriculture, livestock,
forestry, and fishing (A) with 3789.2. For illnesses, the highest rates
correspond to real estate activities (L) with 10738.7 and mining and
quarrying (B) with 10353.3 illnesses per 100,000 workers, followed
by water distribution, sewage, waste management, and sanitation
activities (E) with 7731.4, electricity, gas, and air conditioning sup-
plies (D) with 7223.7, agriculture, livestock, forestry, and fishing (A)
with 7128.1 and financial and insurance activities (K) with 7091.7
(See Supplementary Material, Tables 2 and 3).

3.2. Classification of economic activities

Economic activities were classified into three occupational risk
groups (high, medium, and low) using a k-means cluster analysis,
including the adjusted incidence rates of work-related injuries and
illnesses as standardized variables and using the Hartigan-Wong
algorithm. Table 1 and Figs. 1 and 2 detail the three resulting clusters.

3.3. Comparison of risk classifications

The risk classification of economic activities carried out by
Resolution No. 2018-001 and the classification resulting from our
cluster analysis were compared. The result is shown in Table 2. The

=8-—High Occupational Risk ~ =#=Medium Occupational Risk ~ =8=Low Occupational Risk
1,5
1
0,5
0
0,5
A

Work-related injuries Work-related illnesses

Fig. 1. Occupational risk level clusters.
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Fig. 2. Distribution of economic activities according to risk level.

percentage of agreement was 47% (Cohen’s Kappa = 0.202), indi-
cating a shallow level of similitude (agreement) between these two
classifications.

4. Discussion

This study classifies the level of occupational risk by economic
activity in Ecuador based on the incidence of accidents and occu-
pational illnesses. The resulting classification differs considerably
from the current one, showing only 47% similarity. This difference
should be discussed.

The characteristics of the national context may explain the rise
in occupational risk levels for certain economic activities. For
instance, the most significant differences are found in the agricul-
tural, forestry, and public sewerage services sectors, which are
similar to assessments conducted in surveys of working conditions
[45] and their rates of disease prevalence [46]. Additionally, a sector
with increased risk is identified in public service, defense, and se-
curity, shifting from medium to high. This can be attributed to
various social conditions in recent years that have heightened
exposure to crime in Ecuador [47].

The most notable decreases are observed for certain economic
activities traditionally considered among the most dangerous due
to the risks associated with their tasks and processes [48]. The
construction industry significantly reduces occupational risk, going
from high to low. Implementing more rigid regulations, adopting a
safety culture, and providing continuous training have likely
contributed to improving safety conditions on construction sites.
Also, the manufacturing industry reduces occupational risk from
medium to low. The mechanization of processes and the imple-
mentation of occupational health and safety management systems
have probably facilitated the identification and mitigation of risks
more efficiently [49].

Likewise, the results allow us to uncover the most vulnerable
economic activities and age groups that require special attention
and additional intervention to improve working and health con-
ditions. For example, considering age in agriculture and mining
activities, it is observed that older workers face a more critical
situation in occupational illnesses. However, the injury figures due

to accidents are similar to those of other age groups. This could be
because the calculated rates are aggravated for the smaller popu-
lation, unlike the larger populations. Nevertheless, as literature
reports [50,51], workers aged 55 and over are more susceptible to
developing chronic and long-term occupational diseases due to
prolonged exposure to occupational risks and physiological
changes inherent to aging, compared to younger workers.

The change in the level of risk in Ecuadorian companies gener-
ates new requirements in terms of quantity and specialization of
occupational health and safety experts. This implies the need to
incorporate more technicians and physicians trained in occupa-
tional risk prevention, especially in sectors with greater risk
exposure. In addition, organizations, according to their size and risk
level, must adapt their internal structures to comply with regula-
tions. This scenario requires investment in training and hiring and
close coordination between the public and private sectors to ensure
that occupational health and safety policies are effective and sus-
tainable in the long term.

Our results are reliable because we use ENEMDU data instead of
other sources. Previous studies [52] have developed similar initia-
tives to classify occupational risks in Latin American and Middle
Eastern companies. The results obtained from ENEMDU reflect
specific differences in the risk classification of productive activities
compared to those outlined in Resolution 2018-001. This alterna-
tive classification, based on ENEMDU data and developed using a
methodology that seeks to address the methodological limitations
of Resolution 2018-001, has parallels in the risk classifications of
activities conducted in France [22], Spain [14], and the United
Kingdom [23]. Furthermore, comparing the ENEMDU classification
with Resolution 2018-001 will give researchers and policymakers a
broader perspective for analyzing this issue.

In this sense, the methodology utilized in this study aimed to
address these disadvantages by integrating methodological tools
from some of the countries mentioned in the previous paragraph.
Utilizing ENEMDUM as a survey of working conditions draws an
intriguing parallel with the methodology employed in France.
Furthermore, enhancing the survey with work-related accidents
and occupational illness rates mirrors those developed in Spain and
the United Kingdom.
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4.1. Strengths and limitations

The main strength of our study is the data source used. The
ENEMDU is a large-scale survey with a large sample size, which
represents the employment situation and characterization of the
labor market of all employed people in the country, including
dependent workers and self-employed workers. In addition, ENE-
MDU is assessed for continuous quality control at the time of the
survey application and before the data publication on the Internet
to guarantee accuracy.

Another strength of our study is that it counteracts the under-
reporting in administrative records and provides broader coverage.
Standardizing the incidence of work-related injuries and illnesses
allows the occupational risk level to be clustered for each economic
activity, thereby validating the results.

Despite these strengths, some limitations should be considered.
The responses reported by the surveyed workers are based on
perceptions that could be subject to recall bias for injuries and the
impossibility of establishing a relationship between illnesses and
work [20]. Unfortunately, the ENEMDU does not contain informa-
tion on the severity of the injury or diagnosis of the illness. These
variables would have made the classification of the level of occu-
pational risk more accurate. In addition, the estimates made in this
study correspond to the year 2017. Occupational health and safety
conditions have likely changed (improved or worsened), consid-
ering factors such as the effects of the COVID-19 pandemic.

It is important to note that ENEMDU collects data from formal
workers; therefore, our analyses focus on the working population
in the formal sector. Some sectors, such as construction (F) and
agriculture (A), have a significant number of informal workers
(approximately 77%) [53,54], for which no accurate or official data
on occupational accidents and illnesses exists, limiting the sector’s
risk classification. To accurately categorize risk levels, future
research should involve focus groups with key stakeholders in the
sector to identify perceptions, experiences, and factors that influ-
ence working conditions and occupational safety.

The underreporting of injuries and illnesses in official statistics
poses a significant challenge in Ecuador, as it hampers the effective
design of occupational risk prevention and control strategies. The
reasons for underreporting may vary by country and the level of
formality in the economic sector. The most underreported eco-
nomic activities within the formal sector include construction,
transportation, and manufacturing [55,56]. In this context, the
ENEMDU serves as a valuable source of information for estimating
the true magnitude of occupational health and safety issues. Its
approach offers a broader and more representative perspective on
workplace reality, addressing the shortcomings of administrative
records, which often suffer from deficiencies in data coverage and
accuracy. Unlike Resolution 2018-001, the ENEMDU takes into ac-
count statistical representativeness and methodological standard-
ization that enhance the transparency and replicability of its data.
Nonetheless, it would be beneficial for future research to conduct a
Delphi analysis focused on ergonomics and risk assessment to
facilitate data validation, particularly in the construction, trans-
portation, and manufacturing sectors.

For future studies, it may be proposed to develop a theoretical
model to support this classification and see how well the proposed
model fits the data (through fit indices). For example, the theo-
retical model may include the type of risks to which each occupa-
tion is exposed (see job descriptions for the different occupations
and activities) and how the presence of these risks can explain
(through regression analysis) the occurrence of injuries or illnesses.

Furthermore, it is suggested that OSH experts discuss our results
to ratify this new classification, especially when the national OSH
policy for 2025-2030 is due to happen.

4.2. Conclusions

The joint estimates of the incidence of work-related injuries and
illnesses have allowed economic activities to be grouped into a new
occupational risk level classification that differs from Resolution
No. 2018—001 issued by the CISHT. Although a definitive classifi-
cation is not provided, these findings underline the importance of
implementing specific preventive measures adapted to the
dangerousness of each economic activity. In addition, it suggests
the need for more up-to-date future studies and periodic moni-
toring of the impact of working conditions on workers’ health. In
the meantime, this study provides valuable information that can
guide the development of public policies and intervention strate-
gies, thus contributing to the improvement of safe and healthy
work environments in the country.
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