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Abstract 

The Instituto Nacional de Emergência Médica (INEM) is the organisation responsible for operating the integrated 

system of medical emergency in Portugal mainland. Emergency Medical Techinicians (TEPH) represent one of the 

institution's key human resources and have a broad spectrum of skills. This variety of activities performed by this 

professional group entails several risks that may endanger TEPH’s safety and well-being, as well as INEM's mission 

in Portuguese society. Thus, the objective of this work is the identification, characterization and quantitative 

assessment of occupational risks present in the performance of TEPH activities. Considering the present 

background, a bibliographical review is performed, in which three concepts are described: risk, risk management 

and risk assessment. These concepts are applied in the area of Occupational Safety and Health (OSH), due to the 

implications that OSH has on organisations operations and due to the small number of studies that address both 

physical and psychosocial risks in health sector. Regarding risk assessment, it is chosen to analyse the quantitative 

methods of the deterministic approach, since they allow to measure the risks and distance themselves from 

subjective opinions. The simultaneous implementation of the Proportional Risk-Assessment Technique (PRAT) and 

the Decision Matrix Risk-Assessment technique (DMRA) makes possible to compare results, to analyse the 

credibility of each technique and to improve the reliability of risk prioritisation. The use of these two methods leads 

to the conclusion that Overwork, Shift or night work, the Lack of mandatory OHS training in most TEPH and the 

incomplete occupational medicine are the most critical and relevant occupational risks. In addition, the relationship 

between these risks and the variation, in recent years, of +140% in the number of occupational accidents, +170% 

on sick days and -6% on check-ups, increases the level of urgency for hiring a greater number of TEPH, the 

development of OHS training actions for all TEPH and the change of paradigm in occupational medicine at INEM. 

 

Keywords: risk assessment, quantitative methods, Instituto Nacional de Emergência Médica, Emergency 

Medical Technicians, Occupational Safety and Health. 

1. Introduction 

OSH is the area of Operations Management (OM) 

that frames policies and programs dedicated to 

protect the safety, health and well-being of people in 

the performance of their professions (Fan et al., 

2014). The European Union (EU) reinforces the 

importance of OSH through the publication of 

periodic reports, warning that every three and a half 

minutes someone dies in the EU due to work-related 

causes (European Agency for Safety and Health at 

Work, 2010). The EU also states that “50% to 60% of 

all lost work days can be attributed to the risk of 

developing work-related stress (Agência Europeia 

para a Segurança e Saúde no Trabalho, 2015). As a 

result of the data obtained in studies which address 

the impact of OSH on the labour and social overview, 

OSH has increasingly gained relevance in the 

European context in recent years. 

The increase in work-related risks is linked to socio-

economic change, new technological paradigms and 

recent trends in the workplace, such as the 

increasing complexity of work processes, new forms 

of work organization, content and nature, or the 

change of the meaning and labour values (Coelho, 

2009). The health care sector is one of the areas 

where there is greater exposure and prevalence of 

occupational risks, both physical and psychosocial. 

The different professional groups that compose this 

sector, such as doctors, nurses, diagnostic 

technicians or paramedics, are very vulnerable 

groups, since they perform tasks directly related to 

the patient, with the inherent biological risk and 

associated psychological burden. In addition, these 

professionals may need to adopt exhausting or 

painful positions, lift or displace people, and work in 

long and irregular shifts (Tullar et al., 2010). It is 

stated that “the risk of a health worker developing 

work-related illnesses is 1.5 times greater than the 

risk of all other workers in other sectors” (Agência 

Europeia para a Segurança e Saúde no Trabalho, 

2015). Since most of these occupational diseases 

and accidents can be avoided, the first step in their 

prevention is risk assessment.  

This paper aims to identify, characterize and 

quantitatively assess the risks present in the 

performance of INEM’s TEPH functions. INEM has 
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responsibility for the pre-hospital medical 

emergency, with TEPH taking a central role in this 

organization (represent 76% of INEM's human 

resources). Activities performed by TEPH are similar 

to those of paramedics, however, their set of 

competencies includes other roles/responsibilities. 

Thus, it is relevant to implement a method that allows 

the prioritisation of risks which may endanger the 

safety and well-being of these professionals. The 

structure of this paper is as follows: section 2 

presents the case study and describes the problem 

characteristics. Section 3 contains a literature review 

about risk-related concepts, with emphasis on risk 

assessment and quantitative assessment 

methodologies. In section 4, the implemented 

methodology is characterized. Section 5 describes 

the process of data collection and occupational risks 

characterization, besides presenting risk analysis, 

discussion and treatment proposals. Finally, section 

6 presents the main conclusions of this study and 

proposes future studies in order to improve results. 

2. Case study 

This chapter begins with the introduction of the 

Integrated System of Medical Emergency (SIEM). 

SIEM is a set of coordinated activities whose goal is 

aiding victims of an accident or sudden illness and 

covers a range of activities and entities that exist and 

operate in the universe of pre-hospital emergency in 

Portugal (citizens, TEPH, police, firemen, doctors, 

hospital technical staff, etc.) (INEM, 2013). 

INEM is the organisation responsible for coordinating 

the operation of SIEM in Portugal mainland, 

depending on Emergency Patients Guidance 

Centres (CODU), emergency medical vehicles and 

health technicians. CODUs are emergency medical 

centres to which emergency calls (European 

Emergency Number - 112) for health situations are 

transferred. CODU operates 24 hours/day by a team 

of qualified professionals with specific training to 

answer, sort and advise emergency calls. In order to 

provide prehospital care, one or more emergency 

vehicles are sent to the site of the emergency, which 

are operated by healthcare professionals with 

differentiated training (doctors, nurses, TEPH, etc.). 

CODUs are also the infrastructures that coordinate 

and manage the set of emergency vehicles belonging 

to INEM (ambulances, Emergency and Resuscitation 

Medical Vehicles, motorcycles and helicopters) and 

which are selected based on the clinical situation of 

the victims, having the purpose of providing the most 

appropriate rescue in the shortest time (INEM, 2018). 

TEPHs belong to INEM healthcare professionals’ 

staff and are the basis of the existing study, reason 

why it is considered its relationship with CODU and 

emergency medical vehicles. The problem of the 

study arises in TEPH's professional career, since it 

was recently created (2016) and started to include 

activities, tasks and functions which were previously 

performed by other three positions in INEM. Since 

the addition of competences and responsibilities to 

which TEPH are now subjected increases the 

possibility of these professionals suffering from 

occupational risks and accidents, it is essential to 

develop a method to manage and assess all 

occupational risks associated with TEPH, 

considering their well-being and professional 

performance (INEM, 2019). 

3. Literature Review 

3.1. Risk conceptualization 

Although risk can be defined as the combination of 

the likelihood of occurrence of a defined hazard and 

the magnitude of the consequences of the event, the 

concept of risk is not universally understood. It is up 

to each scientific discipline to define risk according to 

the objectives, criteria and variables that are 

considered in the specific risk assessment process. 

This paper uses the expression (3.1) to define risk. 

The expression represents the product of the 

likelihood of occurrence of a hazard, the likelihood 

that an object is exposed to a given hazard, and the 

expected damage, assuming the hazard occurs and 

the object is exposed (Aven, 2016). 

𝑹 = 𝑳(𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆)𝒙 𝑳(𝒐𝒃𝒋𝒆𝒄𝒕 𝒆𝒙𝒑𝒐𝒔𝒆𝒅|𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆)𝒙 

         𝑬(𝒅𝒂𝒎𝒂𝒈𝒆|𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆 𝒂𝒏𝒅 𝒐𝒃𝒋𝒆𝒄𝒕 𝒆𝒙𝒑𝒐𝒔𝒆𝒅) 

(3.1) 

3.2. Risk management and risk assessment 

In risk management context and policy, risk 

assessment is the stage that, after identifying the 

most relevant hazards, characterizes the risks and 

prioritizes them over treatment, mitigation and 

elimination. Therefore, it is essential that risk 

management policy is perfectly established and 

understood at all levels of an organization. Only in 

this way is possible to apply risk management 

correctly and to continuously monitor and improve 

the organization's policy and processes. In OM, OSH 

policies have become very relevant as occupational 

diseases and accidents significantly affect 

organisations’ operations. In OSH context, there are 

few risk assessment studies that consider both 

physical and psychosocial risks in various health care 

professions (paramedics, diagnostic technicians, 

social workers, etc.) (Albery et al., 2016). This gap in 

the literature supports the feasibility of addressing the 

problem related to the increase of occupational risks 

in INEM's new professional group: TEPH. 

3.3. Risk assessment methodologies 

There is a wide range of risk assessment 

methodologies that can be adapted to any 

circumstances. According to some authors 

(Marhavilas et al., 2012b), risk assessment methods 

are divided into two approaches: deterministic 

approach and stochastic approach. The deterministic 



3 
 

approach is divided in three broad categories: (1) 

qualitative methods; (2) quantitative methods; (3) 

hybrid methods; while the stochastic approach 

includes the classic statistical approach and accident 

forecasting modelling. 

Regarding the deterministic approach, (1) are based 

on people's opinion and judgment, becoming less 

objective and dependent on the evaluators' 

experience. (2) are the best to assess risks, since risk 

is considered a quantity, which can be calculated by 

a mathematical relation, using data of real accidents 

recorded on a worksite. Thus, (2) provide 

objective/measurable outcomes, identify priorities for 

risk intervention and facilitate employer awareness. 

Relative to (3), they are complex, time-consuming 

processes and often guided by the analysis and 

subjective estimation of professionals, so their use 

and dissemination is limited. 

Stochastic approach appears to be a more complete 

approach as it proposes a combination of various 

methodologies based on the identification of potential 

sources of danger, hazards trend analysis and 

prediction of workplace safety. However, since 

stochastic methods (such as (3)) are based on 

probabilities, estimates and accident prediction, end 

up complementing hazard analysis and moving away 

from the central idea of risk assessment, which is risk 

analysis (Marhavilas et al., 2012a). 

3.3.1. Quantitative risk assessment methods 

The main quantitative risk assessment methods are 

the following: the Proportional Risk-Assessment 

Technique (PRAT), the Decision Matrix Risk-

Assessment (DMRA), the quantitative risk measures 

of societal risk (SRE), the Quantitative Risk-

Assessment (QRA), the Quantitative Assessment of 

Domino Scenarios (QADS), the Clinical Risk and 

Error Analysis (CREA) and the Weighted Risk 

Analysis (WRA). 

Although there are few studies assessing 

occupational risks in health care sector, PRAT is the 

most appropriate method as it can be implemented in 

any organization/operation for its ease of use and 

rapid outcomes, allowing continuous OSH 

monitoring. DMRA is a technique used in many 

industries and can be easily implemented in the 

healthcare industry. In addition, DMRA highlights the 

advantages of its prior use along with PRAT in the 

electric production sector, and the fact that graphical 

outcomes generate responsibility and simplify the 

prioritization of the most relevant risks. SRE also has 

the advantage of being a graphical method, 

displaying occupational risks through F-N diagrams. 

The illustrated and defined criteria that assess risks 

as tolerable or intolerable subsequently help in 

defining risk reduction measures and limiting major 

accidents. Regarding QRA and QADS techniques, 

the literature shows that the processes of these 

techniques are too focused on chemical industry and 

are not applicable in the health care sector. 

Moreover, they are very complex, time-consuming 

and costly techniques. Concerning CREA, it is a 

technique based on other methodologies, applicable 

to clinical procedures’ risk assessment that 

compromise patient safety. This method has not 

been studied in the healthcare sector from an 

occupational risk assessment perspective, and its 

utility has not been validated. Finally, regarding 

WRA, although it allows comparing different risks, it 

is a technique with very little use and outcomes, 

focusing mainly on the monetary dimension 

(Marhavilas et al., 2011b). 

Thus, it is proposed the simultaneous use of PRAT 

and DMRA to assess occupational risks present in 

TEPH tasks. The choice of PRAT is due to the fact 

that it is a technique already studied and 

recommended in the healthcare sector, while the 

selection of DMRA is influenced by INEM's 

willingness to implement risk maps for its operations. 

4. Methodology 

The methodology consists of four steps (Figure 1). 

4.1. Step A – Hazard identification 

Step A refers to the importance of the different hazard 

identification tools in collecting, selecting and 

analysing the main occupational hazards present in 

the professional class being studied. The main tools 

used in this step are: databases, interviews, 

questionnaires and checklists.  

4.2. Step B – Risk characterization 

In Step B, three scales corresponding to factors S 

(severity of consequences), F (frequency of 

exposure) and L (likelihood of occurrence), which 

characterize an occupational risk, are presented. 

Considering INEM's restrictions regarding the 

Figure 1. 4 step methodology. 
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number of levels of each scale, TEPH 40 weekly 

working hours and the way occupational accidents 

are registered in INEM, the scales present in the 

works of Marhavilas et al. (2011a) and Metzler et al. 

(2019) are adapted. Thus, factors S, F and L present 

5 levels in their scales and represent the reality of the 

work context under study. 

Table 1. Gradation of severity factor. 

Factor S Description 

5- very serious - Very serious injuries or health 

complications that require hospital care (with 

or without hospitalization). 

- Death or permanent total disability. 

4- serious - Serious injuries or health complications 

that require hospital care. 

- Temporary absolute disability (from 4 to 30 

days off) or permanent partial disability. 

- e.g.: amputations, multiple fractures, 

internal injuries, chronic diseases. 

3- moderate - Injuries or health complications require 

assistance by health professionals. 

- Temporary partial disability (no days off). 

- e.g.: lacerations, chemical burns, sprains, 

fractures, dermatitis, musculoskeletal 

disorders, intoxications, respiratory 

disorders. 

2- minor - Minor injuries or health complications 

without assistance by health professionals. 

- No incapacity. 

- e.g.: abrasions, non-chemical burns, 

musculoskeletal injuries, electric shock, 

hearing ability reduction. 

1- low - No injuries or health complications 

- e.g.: minor cuts, bruising, sunburn, flu or 

visual fatigue. 

 

Table 2. Gradation of frequency factor. 

Factor F Description 

5 
Exposure for 31-40 hours / week (includes 

overtime) 

4 Exposure for 21-30 hours / week 

3 Exposure for 11-20 hours / week 

2 Exposure for 3-10 hours / week 

1 Exposure less than 2 hours / week 

 

Table 3. Gradation of likelihood factor. 

Factor L Description 

5 Frequent occurrence (less than 1 year) 

4 Likely Occurrence (1-2 years) 

3 Unlikely occurrence (2-5 years) 

2 Remote occurrence (over 5 years) 

1 Never occurred 

4.3. Step C - Quantitative risk assessment 

In Step C, the joint implementation of PRAT and 

DMRA, two quantitative risk assessment methods, 

allows the identification of the most relevant 

occupational risks present in activities performed by 

TEPH (Marhavilas et al., 2011b). 

4.3.1. PRAT 

PRAT uses factors S, F and L in risk assessment. 

This means that the risk level (R) for PRAT is 

calculated based on expression (4.1). 

𝑹 = 𝑺 𝒙 𝑭 𝒙 𝑳  (4.1) 

Considering the values that may result from 

expression (4.1) (see Table 4), the response to each 

risk is defined according to a level of urgency that 

requires action within a certain period of time to 

mitigate or reduce a risk (less than 1 month, less than 

1 year, surveillance) (see Table 5). 

Table 4. Risk level value set for PRAT 

R = {1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 16, 18, 20, 24, 25, 27, 30, 
32, 36, 40, 45, 48, 50, 60, 64, 75, 80, 100, 125} 

 

Table 5. Gradation of risk level in association with the 
urgency level of required actions. 

Risk level (R) 
Urgency level of required 

actions 

R3 = {80, 100, 125} 
Requires an action in less than 

1 month. 

R2 = {27, 30, 32, 36, 40, 45, 

50, 60, 64, 75} 

Requires action in less than 1 

year. 

R1 = {1, 2, 3, 4, 5, 6, 8, 9, 

10, 12, 15, 16, 18, 20, 24, 

25} 

No action is required, just 

surveillance of the event. 

4.3.2. DMRA 

In the case of DMRA, this method only uses factor S 

and L, disregarding frequency of exposure of workers 

(factor F). This means that risk level (R) for DMRA is 

calculated based on expression (4.2). 

𝑹 = 𝑺 𝒙 𝑳 (4.2) 

In DMRA, due to the combination of factors S and L, 

the level of each risk is determined, and the method 

is consummated with the elaboration of the risk 

matrix (Figure 2) and the decision table (Figure 3). 

Risks are allocated to the risk matrix and, depending 

on their location, a decision is taken on each risk 

(intolerable, tolerable, acceptable). 

 

Thus, in Step C, beside identifying and prioritizing the 

most critical and dangerous risks, the objectivity 

between both methods is compared. I.e., it is 

possible to understand the outcomes influenced by 

1 2 3 4 5

1 1 2 3 4 5

2 2 4 6 8 10

3 3 6 9 12 15

4 4 8 12 16 20

5 5 10 15 20 25

Fa c tor L

Fa c tor S

Colour Risk category Risk level Tolerability

Rejectable 20 ≤ R ≤ 25

Unacceptable 12 ≤ R ≤ 16

Undesirable 5 ≤ R ≤ 10 Tolerable

Aceptable with control 1 ≤ R ≤ 4 Aceptable

Intolerable

Figure 2. DMRA risk matrix used in TEPH professional 
class, presenting 5 levels for factors S and L. 

Figure 3. DMRA decision table used in TEPH 
professional class, presenting 4 risk categories. 
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the use, in one hand, of three factors to describe a 

risk (PRAT) and, in the other hand, the use of two 

factors to characterize them (DMRA). 

4.4. Step D - Risk treatment 

Finally, step D corresponds to the stage in which 

actions or measures are proposed to mitigate, reduce 

or eliminate the risk. 

5. Results and Discussion 

This section aims to present the different stages 

concerning data processing. 

5.1. Data collection 

In the section of processing TEPH occupational risk 

data, are essentially use the outcomes of two tools: 

(a) an OSH questionnaire provided to INEM health 

technicians and (b) an occupational risk database 

that considers all INEM professional groups. 

Regarding the questionnaire, it consists of 40 

questions related to several specific OSH themes. As 

the majority of respondents are TEPH who provide 

services to INEM for a period longer than 6 years, it 

is decided to give particular importance to question 

number 40 (Table 6). Question number 40 seeks the 

characterization of negative OSH aspects at INEM. 

Since this is an open-ended question, it is possible to 

obtain a more personal and detailed testimony of 

TEPH work activities, concerns, complaints and 

proposals for improving OSH at INEM. Thus, by 

taking advantage of the several specific OSH themes 

established by INEM for the remaining 38 questions 

of the questionnaire, it is decided to fit the numerous 

issues presented by TEPH to each of these themes. 

At the end of the analysis of the answers given in the 

questionnaire, 13 new specific OSH themes are 

established. 

Table 6. Sample of respondents classified by 
professional group, gender and years of service. 

Sample categories 
Number of 

respondents 

Professional 

group 

TEPH 90 (67 %) 

Doctor 2 (2 %) 

Nurse 25 (18 %) 

Senior technician 9 (7 %) 

Technical assistant 5 (4 %) 

Manager 3 (2 %) 

Overall 134  (100%) 

Gender Male 89 (66 %) 

Female 45 (34 %) 

Overall 134  (100%) 

Years of 

service 

< 1 year 3 (2 %) 

1 – 3 years 13 (10 %) 

3 – 6 years 24 (18 %) 

> 6 years 94 (70 %) 

Overall 134  (100%) 

Moreover, it is considered the fact INEM is in a 

transition process regarding OSH management 

system, in which intends to implement the new 

international ISO standard 45001. Since the 

occupational risk database that considers all INEM 

professional groups is upgrading and redesigning, it 

is decided to adapt it, exclusively, to TEPH. In the 

original occupational risk database, INEM 

contemplates all the professional careers present in 

the organization, which does not allow a specific and 

differentiating analysis between classes. Thereby, 

considering only the occupational areas, tasks and 

hazards that are linked with the set of activities 

performed by TEPH, a new database is conceived, 

which also includes the compiled information and 

issues from the OSH questionnaire. The new TEPH 

Occupational Risk Database differentiates 6 major 

occupational areas (CODU, Operational, Training, 

Hygiene/Disinfection, Social Canteen, Occupational 

Medicine), which are associated with 16 occupational 

tasks and 61 occupational hazards. 

5.2. TEPH Occupational Risk Database 

This section presents all occupational hazards 

identified and divided by occupational area and task. 
 

CODU: 

a) Operations room: 1) Inadequate and misfit 

chairs (inadequate postures), 2) Poor positioning 

of monitors (inadequate postures), 3) Use of 

mouse, keyboard and telephone (repetitive 

movements), 4) Static postures, 5) Electric 

shock, 6) Fire, 7) Fall at the same level, 8) 

Stroke, 9) Inappropriate illumination, 10) Poor 

indoor air quality, 11) Use of display screen 

equipment; reflection in monitors, 12) 

Temperature/Humidity changes, 13) Insufficient 

individual work space. 

b) Emergency Call Answering: 1) Work overload, 

2) Shift or night work, 3) Exposure to 

tense/nervous/aggressive speeches, 4) 

Inadequate sound insulation between 

workstations, 5) Insufficient rest times. 
 

Operational: 

c) Transport, handling and manual packaging of 

loads: 1) Patient handling in different 

workplaces, 2) Handling of ambulance 

equipment (approach bags + stretcher + chair) 

(repeating movements), 3) Blow/Entrapment 

caused by objects present in theater of 

operations. 

d) Work on the public highway: 1) Running over 

by moving vehicles at work site, 2) Falls at same 

level and/or different level, 3) High exposure to 

different noise levels (from different sources), 4) 

High exposure to combustion gases (from 

emergency vehicles, crashed vehicles and/or 

other vehicles), 5) Inappropriate uniform for cold 
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or climate changes, 6) Poor ergonomic and 

protective footwear.  

e) Driving of medical emergency vehicles: 1) 

Ambulance driving (exposure to multiple factors 

when driving on public roads), 2) Motorcycle 

driving (exposure to multiple factors when driving 

on public roads), 3) High exposure to noise 

emitted by sirens, 4) Unsuitable uniform for 

situations of traffic accident or other scenarios 

requiring special protection (cuts and abrasion), 

5) Damaged and unsubstituted helmets. 

f) Rescue of victims (terrestrial): 1) Work 

overload, 2) Shift or night work, 3) Experience of 

tragic situations, 4) Exposure to 

tense/nervous/aggressive patient behavior, 5) 

Exposure to tense/nervous/aggressive family 

members behavior, 6) High exposure to noise 

emitted by sirens, 7) High exposure to chemical 

and/or biological agents (contagion risk, needle 

stings), 8) Fire, 9) Limited ergonomic space in 

ambulances, 10) Exposure to mechanical 

vibration due to transportation on land vehicles, 

11) Poor vehicles maintenance and renewal 

(safety: airbags, seat belts, seats, stretchers / 

mechanical: brake systems, suspensions, 

engines). 

g) International support for humanitarian 

missions: 1) High exposure to chemical and/or 

biological agents (food consumption, 

contaminated water and other vectors), 2) Work 

overload. 
 

Training: 

h) Permanence in buildings due to professional 

or occasional causes: 1) Poor or irregular 

lighting system, 2) Fire. 

i) Automated external defibrillator: 1) Electric 

shock. 

j) OSH training: 1) Lack of mandatory OSH 

training for all TEPH, 2) Lack of continuity of 

INEM proposals (e.g.: OSH-focused working 

group that directly contacts/controls staff in each 

organization department). 

k) Disinfection training: 1) Insufficient and 

inappropriate procedures for hygiene and 

disinfection of ambulances, uniforms, equipment 

and other materials. 

 

Hygiene/Disinfection: 

l) Vehicle cleaning: 1) Handling of products 

containing chemicals substances, 2) Incorrect 

postures, 3) Poor disinfection of ambulances. 

m)  Uniforms collection and washing: 1) 

Collection and washing of uniforms done by 

TEPH. 

n) Hygiene sites: 1) Lack of equipment, 

infrastructures and plans for proper disinfection 

of contaminated material (vehicles, uniforms, 

etc.) and personal hygiene (changing rooms, 

WC, showers, etc.). 
 

Social canteen: 

o) Meals consumption: 1) Insufficient individual 

space, 2) Canteens in inappropriate spaces (with 

constant entry and exit of unknown people), 3) 

Fire.  
 

Occupational medicine: 

p) Occupational medicine: 1) Incomplete 

occupational medicine (lack of regular medical 

appointments and follow-up plans, poor 

prevention, health promotion and workers 

observation). 

5.3. Results of PRAT and DMRA 

implementation 

By defining and discriminating the various 

occupational hazards present in the activities 

performed by TEPH, it is possible to proceed with the 

characterization of factors S, F and L. The 

determination of factor S considers a broad spectrum 

of occupational injuries and health problems inherent 

in each occupational risk. In the characterization of 

factor F, it is considered that each TEPH fulfills, in a 

working week (40 hours), a 5-shift rotating schedule 

that is established as follows: Morning, Morning, 

Afternoon, Afternoon, Rest, Night. Each shift has 8 

hours and since are necessary more TEPH in the 

Operational area than in CODU (737 vs 261), it is 

established that each worker performs 2 weekly 

shifts in CODU and 3 weekly shifts in Operational. 

Finally, for the definition of factor L is used the data 

and information from the occupational risk database 

that considers all INEM professional groups and the 

data present in the 2018 occupational accidents 

recording. 

Table 7 and Figure 4 shows, respectively, the results 

of the implementation of PRAT and DMRA. In Table 

7, for each occupational hazard are associated the 

corresponding values of the factors S, F and L, the 

risk level (R), as well as the urgency level of the 

necessary actions to treat the risk in question (i.e., 

actions in less than 1 month, actions in less than 1 

year or risks that only require surveillance). 

Furthermore, occupational tasks are identified by a 

letter (from a - Operating Room to p - Occupational 

Medicine) and hazards associated with each task are 

determined by a number (e.g.: Work overload from 

Rescue of victims (terrestrial) is identified by 

Operational f.1). 
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Table 7. PRAT results: characterization of factors S, L and F, classification of risk level (R) and urgency level of actions. 

Area Task Hazard S L F R Urgency  Area Task Hazard S L F R Urgency 

CODU 

a) 

1 2 4 3 24 Surveillance  

Operational 
f) 

1 4 5 4 80 Month 

2 1 3 3 9 Surveillance  2 4 5 4 80 Month 

3 2 4 3 24 Surveillance  3 2 5 2 20 Surveillance 

4 2 4 3 24 Surveillance  4 2 5 2 20 Surveillance 

5 2 2 3 12 Surveillance  5 2 5 2 20 Surveillance 

6 4 1 3 12 Surveillance  6 2 4 3 24 Surveillance 

7 1 2 2 4 Surveillance  7 4 4 2 32 Year 

8 2 2 3 12 Surveillance  8 4 3 1 12 Surveillance 

9 1 5 3 15 Surveillance  9 3 4 2 24 Surveillance 

10 2 1 3 6 Surveillance  10 2 2 3 12 Surveillance 

11 1 5 3 15 Surveillance  11 5 5 3 75 Year 

12 1 3 3 9 Surveillance  
g) 

1 4 2 1 8 Surveillance 

13 1 4 3 12 Surveillance  2 3 2 1 6 Surveillance 

b) 

1 4 5 3 60 Year  

Training 

h) 
1 1 2 1 2 Surveillance 

2 4 5 3 60 Year  2 4 1 1 4 Surveillance 

3 2 5 3 30 Year  i) 1 2 2 1 4 Surveillance 

4 1 4 3 12 Surveillance  
j) 

1 4 5 5 100 Month 

5 2 5 3 30 Year  2 1 4 4 16 Surveillance 

Operational 

c) 

1 3 5 2 30 Year  k) 1 3 5 4 60 Year 

2 2 5 2 20 Surveillance  

Hygiene/ 
Disinfection 

l) 
1 3 4 2 24 Surveillance 

3 2 4 2 16 Surveillance  2 2 4 2 16 Surveillance 

d) 

1 5 1 2 10 Surveillance  3 3 4 2 24 Surveillance 

2 3 5 2 30 Year  m) 1 2 5 2 20 Surveillance 

3 2 3 3 18 Surveillance  n) 1 3 5 2 30 Year 

4 3 3 2 18 Surveillance  
Social 

Canteen 
o) 

1 1 5 2 10 Surveillance 

5 1 4 3 12 Surveillance  2 1 5 2 10 Surveillance 

6 2 3 4 24 Surveillance  3 4 1 2 8 Surveillance 

e) 

1 5 5 2 50 Year 
 Occupational 

Medicine 
p) 1 4 5 5 100 Month 

2 5 5 2 50 Year          

3 2 4 2 16 Surveillance          

4 4 3 2 24 Surveillance          

5 5 3 2 30 Year          

 

Figure 4. DMRA results: allocation of occupational risks in the matrix according to the characterization of factors S and L 
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5.4. Discussion of results 

In this section, the most prevalent and scrutinized 

risks are those that, according to PRAT, are 

associated with level of urgency that require action in 

less than 1 month and, according to DMRA, those 

associated to the Rejectable risk category. However, 

in order to conduct a more complete, comprehensive 

and realist analysis for TEPH professional group, it is 

decided to emphasize all occupational risks with 

levels equal to or greater than half of the maximum 

value of PRAT or DMRA. This is, if a risk presents for 

PRAT a 𝑅 ≥ 50, or for DMRA a 𝑅 ≥ 15, is analysed 

in more detail. 

5.4.1. Relationship between the most critical 

risks and the number of occupational 

accidents, sick days and routine check-ups 

Regarding the results, it is concluded the 

occupational risks that obtain the highest levels are 

coincident for both implemented methods. Work 

overload, Shift or night work, Lack of mandatory OSH 

training for all TEPH and Incomplete occupational 

medicine are associated with the level of urgency that 

requires almost immediate action (less than 1 month) 

and with the category of maximum intolerance to risk 

(Rejectable). Achieving the most critical and relevant 

occupational risks for both methods gives to the 

assessment process a greater consistency and 

credibility. Moreover, as recorded in recent years by 

INEM (see Table 8), the relationship between these 

risks and the variation of +140% in the number of 

occupational accidents, +170% on sick days and -6% 

on routine check-ups (Occupational Medicine), 

increases the level of alertness and urgency due to 

the prompt treatment that these risks must undergo. 

Table 8. Number of employees, occupational accidents, 
sick days and routine check-ups registered by INEM in 
the period 2014-2018 

Year Employees 
Occupational 

accidents 

Sick 

days 

Check-

ups 

2014 1234 127 1 240 57 

2015 1245 111 6 963 380 

2016 1281 79 4 185 341 

2017 1302 141 10 291 373 

2018 1334 196 11 663 351 

 

The huge lack of human resources in INEM (INEM 

should have 1710 workers, when in reality there are 

only 1334) and the implication that this factor has on 

Work overload and Shift or night work, are the main 

reasons why the number of sick days has been 

increasing sharply in recent years. Thus, the effective 

hiring and training of more TEPH is definitely one of 

the most important measures that INEM must take in 

the very short term, in order to preserve and take care 

of the health and well-being of its employees, in 

particular, preventing TEPH from suffering 

professional exhaustion as a result of work overload 

and shift or night work. 

The decrease in occupational medicine activity at 

INEM is a negative fact, especially when considering 

the annual increase in the number of employees. The 

number of routine check-ups should go along with the 

growth in the number of employees, however, as it 

turns out, the number of routine check-ups has been 

decreasing, covering in 2018 only 26% of all 

operational staff. As a result of these outcomes, 

INEM identifies occupational medicine as one of the 

most critical occupational areas, prioritizing the 

resolution of this problem in such a way that 

employees' health protection can be carried out in the 

most efficient, correct and brief way. The transfer of 

Occupational Medicine, which is under the 

supervision of the Human Resources Management 

Office, to the Quality Office is one of the measures to 

be implemented, since Quality Office is the most 

focused and knowledgeable department in the OSH 

context of INEM employees. 

Finally, the risk Lack of mandatory OSH training for 

all TEPH, as well as being one of the highest-level 

risks, is one of the concerns most often mentioned by 

TEPH, as OSH training actions are a key issue in the 

prevention of occupational accidents. This lack of 

OSH training leads to a more often and likely 

occurrence of occupational accidents, increasing 

absenteeism rates. Thus, among the measures to be 

implemented, it is urgent to develop training actions, 

taught by OSH specialists, and the mandatory 

assistance of all TEPH to this type of training, which 

should be complemented with a technical-specialized 

OSH manual and with e-learning modules. 

5.4.2. Other occupational risks requiring 

special attention 

Regarding the risks associated with an urgency level 

that requires action in less than 1 year and with the 

Unacceptable risk category, are only highlighted in 

this study the risks that present for PRAT, a 𝑅 ≥ 50, 

or for DMRA, a 𝑅 ≥ 15. On one hand, in the case of 

PRAT, it is not relevant to include risks with levels 

below 𝑅 ≤ 50, as they have very low values when 

compared to the maximum value of the PRAT set 

(𝑅 = 125). On the other hand, in the case of DMRA, 

the risks with a 𝑅 = 12 (which is associated with the 

Unacceptable risk category) are not included in the 

more detailed analysis since they are simultaneously 

associated with very low levels of PRAT. Thus, even 

if a risk presents in the DMRA a 𝑅 = 12, it is not so 

relevant because its PRAT level is 𝑅 ≤ 50. 

Following this reasoning, are highlight the risks 

corresponding to the following occupational areas: 

CODU (Work overload and Shift or night work), 

Operational (Ambulance driving, Motorcycle driving, 

Poor vehicles maintenance and renewal, Patient 

handling in different workplaces, Falls at same level 

and/or different level, High exposure to chemical 

and/or biological agents (contagion risk, needle 
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stings) and Damaged and unsubstituted helmets), 

Training (Insufficient and inappropriate procedures 

for hygiene and disinfection of ambulances, uniforms, 

equipment and other materials) and 

Hygiene/Disinfection (Lack of equipment, 

infrastructures and plans for proper disinfection of 

contaminated material and personal hygiene). 

At CODU, is the huge lack of human resources in 

INEM and the implication that this factor has on Work 

overload and Shift or night work, which has led to an 

abrupt increase in the number of sick days. In 

addition, it is necessary to consider that TEPHs who 

perform shifts at CODU are subject to a risk that 

carries high psychological consequences, requiring a 

permanent control of the emotional condition of these 

professionals. The risk Exposure to 

tense/nervous/aggressive speeches is a “silent” 

problem, as professionals are repeatedly exposed, 

through incoming phone calls, to situations of 

despair, anxiety and, sometimes, death without 

knowing the real cause of the accident and the place 

of occurrence. Therefore, since frequent exposure to 

such situations can have serious psychological 

consequences on TEPHs, it is important to conduct 

periodic assessments to monitor the emotional 

balance and psychological health of employees. 

Regarding Operational area, it is intended to replace 

and acquire new vehicles in order to cope with the 

current state of INEM's fleet; to continue to focus on 

defensive driving training, as very few serious 

accidents have occurred, recently, in the driving of 

emergency vehicles; to develop new training actions 

that present the safest and most effective procedures 

to deal with the risks present in the theater of 

operations and; to purchase new personnel 

protective equipment subject to trial and validation by 

workers. 
About the risk called Insufficient and inappropriate 

procedures for hygiene and disinfection of 

ambulances, uniforms, equipment and other 

materials, it is understood that hiring an outside 

company which is expert in cleaning, disinfecting and 

sanitizing contaminated material is the way forward. 

These external professionals are specialists in 

hygiene procedures of material that have been in 

contact with biological agents and substances. It is 

also intended that TEPH stop performing ambulance 

cleaning tasks after providing medical care. Thus, the 

suppression of these tasks from TEPH activity set 

reduces the workload to which TEPH are subjected. 

Finally, regarding the risk Lack of equipment, 

infrastructures and plans for proper disinfection of 

contaminated material and personal hygiene, INEM 

intends to continue with the acquisition and 

implementation, in different healthcare units, of 

modular bases in order to offer better working 

conditions to its professionals. This is due to the fact 

that many of INEM's current medical emergency 

bases are in facilities that are not owned by the 

organization, so it is not possible to carry out 

improvement and adaptation works for a better base 

operation. Therefore, the implementation of these 

new modular structures allows the OSH 

requirements to be met and allows a quick resolution 

of future problems related to TEPH-hosting facilities. 

5.4.3. Remaining occupational risks 

Concerning the risks that do not suffer from such a 

detailed scrutiny, they should be monitored and 

supervised as established by PRAT, since risk levels 

allow a certain level of tolerability. 

6. Conclusions 

The joint implementation of PRAT and DMRA 

enables the comparison of results between the two 

assessment methods, regarding risk levels, urgency 

levels of actions to be taken to reduce or mitigate 

risks and risk tolerability categories. 

Thus, concisely, it is concluded that the most relevant 

and critical occupational hazards in TEPH work 

environment, nowadays, are the following: Work 

overload, Shift or night work, Lack of mandatory OSH 

training for all TEPH and Incomplete occupational 

medicine. 

 

Limitations of the study 

Although the present study implements, 

simultaneously, two quantitative risk assessment 

methodologies in order to carry out a more consistent 

and sustained analysis, it needs to be emphasized 

that one tool has more limitations than the other. On 

the one hand, the implementation of PRAT has a 

higher risk sensitivity and a better positioning 

regarding the reality of the work context, as the 

evaluation is based on three factors (S, F and L). On 

the other hand, even if DMRA is a much more visual 

and easily interpreted method regarding the risks that 

deserve increased attention and immediate action, 

the assessment based on only two factors (S and L) 

somehow distorts the results. This is, risks whose 

frequency of exposure is very low but which are 

recorded because there is a reported incident (e.g. in 

the last two years), are immediately highly-rated, 

when in fact, if factor F were considered, level would 

be lower. However, it is worth highlighting that 

disregarding factor F may increase the level of 

alertness to risks that are neglected due to their low 

frequency of exposure. 

Concerning data collection and processing, there 

was some difficulty in obtaining more elements and 

information to carry out an even more objective and 

sustained contextualization, evaluation and analysis. 

On the one hand, in relation to the OSH questionnaire 

provided to INEM health technicians, if the number of 

answers were larger, a more representative sample 

would allow a greater precision and validity of the 
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results. On the other hand, in relation to INEM's 

occupational accidents records, a very little detailed 

discrimination between the different types of 

occupational accidents and injuries identified, as well 

as the difficulty of access to accident records from 

other years (2017, 2016, etc.), makes the analysis 

less realistic and often subject to estimates by the 

analyst. 

 

Future work 

As future work, it is firstly suggested to reformulate 

and adapt the existing occupational accident records 

in INEM. Therefore, it is possible to carry out a more 

detailed survey of occupational accidents and 

injuries. In addition, in order to continue pursuing 

OSH requirements, identifying the different 

occupational areas, tasks and hazards related to 

other occupational classes in INEM may be a way 

forward. Thus, a detailed study of each professional 

class is carried out, adapting the risk treatment 

measures to the reality of each career, complying 

with the requirements of the international OSH 

management standards and valuing each worker and 

professional class in INEM, according to their specific 

needs. 

Finally, considering risk assessment methodologies, 

it is suggested that PRAT should continue to be 

implemented. A three-factor sustained assessment 

enables more realistic and objective results. 

Furthermore, if there is a more efficient survey of the 

numbers and types of occupational accidents, the 

results from PRAT are much more detailed. 

Regarding DMRA, although this is a tool followed and 

implemented by INEM, mainly due to the construction 

of risk maps, allowing an easy interpretation and 

visualization of the most critical risks, the two-factor 

sustained assessment does not make DMRA as 

objective as PRAT. 
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