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Abstract 
In Ecuador, the lack of attention to occupational safety in small and medium-sized enterprises, which constitute 98% of the total, has increased 
workplace accidents. To assess this situation, a Checklist based on the Guide of the National Institute for Occupational Safety and Health (INSHT) 
of the Ministry of Labor was applied. The methodology was then adapted to evaluate specific working conditions in SMEs and the NTP 330 method 
was used, which considers criteria such as efficiency, exposure, probability, and consequences to determine the risk level. Fifty-eight hazards were 
identified, including falls of people from different levels, falling objects due to collapse, and blows or cuts caused by tools, each with an incidence of 
10%. The distribution area presented the highest number of risks (15), and the high-risk level predominated. The application of the method allowed 
for a comprehensive assessment, highlighting the urgent need for preventive measures. 
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Evaluación de riesgos de seguridad en una planta de tratamiento de 
agua potable mediante el método NTP 330 

 
Resumen 
En Ecuador, la falta de atención a la seguridad laboral en las pequeñas y medianas empresas, que constituyen el 98 % del total, ha incrementado los 
accidentes laborales. Para evaluar esta situación, se aplicó una Lista de Verificación basada en la Guía del Instituto Nacional de Seguridad y Salud 
en el Trabajo (INSHT) del Ministerio de Trabajo. Luego, se adaptó la metodología para evaluar condiciones laborales específicas de PYMES y se 
utilizó el método NTP 330, que considera criterios como eficiencia, exposición, probabilidad y consecuencias para determinar el nivel de riesgo. Se 
identificaron 58 peligros, destacando la caída de personas a diferentes niveles, caída de objetos por derrumbe y golpes o cortes con herramientas, 
cada uno con una incidencia del 10 %. El área de distribución presentó el mayor número de riesgos (15) y predominó el nivel de riesgo alto. La 
aplicación del método permitió una evaluación integral, destacando la necesidad urgente de medidas preventivas. 
 
Palabras clave: riesgos de seguridad; evaluación de riesgos; planta de tratamiento de agua potable. 

 
 
 

1 Introduction  
 
Since the 20th century, occupational safety has gained 

importance globally, driving the development of 
techniques and methods aimed at preventing occupational 
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risks. However, many of these methodologies are not 
applied adequately, since risk level assessments are often 
inaccurate [1]. This situation has led to approximately 330 
million occupational accidents being recorded worldwide 
towards the end of that century, of which 2.4 million 
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resulted in fatalities [2,3]. Until 2016, the highest deaths or 
disability-adjusted life years per capita were recorded in 
Oceania, Southeast Asia and central sub-Saharan Africa 
[4]. 

Additionally, non-fatal occupational accidents are 
estimated to generate an economic burden equivalent to 4% 
of global GDP annually, reflecting their significant impact 
on the global economy. These figures are especially 
alarming in low- and middle-income countries, where 
informal sectors and high-risk industries, such as 
agriculture and mining, predominate, exacerbating 
occupational injuries and deaths due to limited 
implementation of preventive and occupational safety 
measures [5]. 

In Latin America and the Caribbean, efforts to establish 
effective preventive processes have increased. However, 
many institutions prioritize other aspects over occupational 
safety, which makes adequate risk management difficult 
[6]. Unlike developed countries, where preventive 
guarantees are a priority, greater vulnerability in work 
environments persists in the region [7]. 

In Ecuador, the lack of interest in occupational safety 
issues is evident, even though 98% of organizations are 
small businesses, where it would be feasible to implement 
specific risk controls. This lack of action has contributed 
to the increase in workplace accidents [8,9]. In addition, 
the absence of solid preventive policies and their lack of 
implementation have generated a constant exposure of 
workers to occupational risks, further weakening 
occupational safety in the country [10,11]. Likewise, 
occupational safety faces serious challenges, especially in 
strategic sectors where the risks associated with productive 
activities are high. Even though 98% of organizations are 
small businesses, there is a notable lack of interest in the 
implementation of preventive measures, which could 
facilitate a more specific control of occupational risks. This 
situation has led to an increase in unsafe working 
conditions and a gradual weakening of safety policies [8]. 

In this context, water treatment plants present a 
particularly challenging work environment, given that their 
operations involve complex processes and constant 
handling of specialized equipment and chemicals. These 
activities generate significant occupational risks that 
require rigorous management and adequate preventive 
measures [9]. However, limited application of safety 
policies and lack of access to training programs aggravate 
workers' exposure to accidents. 

 
2 Materials and methods 

 
2.1 Characterization of the plant under study 

 
The water treatment plant under study (located at 

geographic coordinates x: 563,064.22 m, y: 988,1079.89 m), 
built at the beginning of the 21st century, was designed to 
meet the growing demand of a rapidly growing population, 
ensuring access to clean and safe water. With a production 
capacity of approximately 90,000 m³ per day, the plant 
operates continuously through a water treatment process that 
includes stages such as pretreatment, coagulation and 

flocculation, sedimentation, filtration, disinfection, and 
storage before distribution. This infrastructure, equipped 
with high-quality electromechanical components and 
supervised by a team of specialized operators and 
technicians, faces challenges such as variability in raw water 
quality due to extreme weather events, increased demand, 
and the impacts of climate change. 

In response, treatment processes have been optimized and 
investments have been made in monitoring technologies to 
ensure its efficient operation. However, these operations 
entail significant occupational hazards associated with 
equipment handling, exposure to chemicals, and working in 
conditions that require constant attention. Assessing and 
managing these risks is critical to protecting the physical and 
mental integrity of the 33 workers involved in the various 
stages of the process. Therefore, implementing effective 
preventive measures not only contributes to employee safety 
but also to meeting quality and sustainability objectives in the 
supply of drinking water. 

 
2.2 Risk identification 

 
To identify occupational risks in the workplace, an 

observational study was previously carried out using a 
“Check-list”, in which the risk factors were highlighted based 
on the considerations of the instrument of the “Guide of the 
National Institute for Safety and Hygiene at Work in 
Construction” [12]. 

Subsequently, the practical methodology for identifying 
working conditions in small and medium-sized companies of 
the INSHT [13] was used and adapted. Considering the 
accident risks (safety) detailed in table 1. 

 
Table 1. 
Most common forms of occupational risks (safety). 

Cod. Risk of accident 
10 Person falls from a different level. 
20 Fall of people at the same level. 
30 Falling objects due to collapse or landslides. 
40 Falling objects during handling. 
50 Falling detached objects. 
60 Stepping on objects. 
70 Collisions with stationary objects. 
80 Collisions with moving objects. 
90 Bumps/cuts from objects or tools. 

100 Projection of fragments or particles. 
110 Entrapment by or between objects. 
120 Entrapment due to overturning machines or vehicles. 
130 Overexertion. 
140 Exposure to extreme ambient temperatures. 
150 Thermal contacts. 
161 Direct electrical contacts. 
162 Indirect electrical contacts. 
170 Exposure to harmful or toxic substances. 
180 Contact with caustic and/or corrosive substances. 
190 Exposure to radiation. 
200 Explosions. 
211 Fires. Starting factors. 
212 Fires. Spread. 
213 Fires. Fighting methods. 
214 Fires. Evacuation. 
220 Accidents caused by living beings. 
230 Vehicle collisions or hits. 

Source: INSHT, 2000. 
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2.3 Risk assessment 
 
The risk assessment was carried out based on the NTP 330 

method [14,15], a methodology that differs from the others, 
because the weighting of the levels is not subject to the evaluator's 
subjectivity, for this purpose, the security risks are evaluated 
through the interaction of specific criteria or levels [16]. The 
method consists of determining the deficiency based on the level 
of exposure, which subsequently yields the corresponding 
probability, as illustrated in Fig. 1. From this probability, the 
consequence level can be established, and ultimately, the overall 
risk level is determined, as detailed below: 
1) Deficiency level: 

• Very poor: Significant risk factors have been 
detected that make it highly possible for failures to 
occur. The set of preventive measures in place 
regarding risk is ineffective. 

• Deficient: A significant risk factor has been 
identified that needs to be corrected. The 
effectiveness of the set of preventive measures is 
significantly reduced. 

• Improvable: Minor risk factors have been detected. 
The effectiveness of the set of existing preventive 
measures with respect to risk is not significantly 
reduced. 

2) Exposure level: 
• Continuous: If the worker is working for a long time. 
• Frequent: If the worker is there several times during 

his/her workday, although for short periods of time. 
• Occasional: If the worker is ever on duty during 

his/her workday and has a short period of time. 
• Sporadic: Irregularly. 

3) Probability level: 
Where: 
• Very High: Poor situation with continued exposure 

or very poor situation with frequent exposure. Risk 
materialization usually occurs frequently. 

• High: Poor situation with frequent or occasional 
exposure or very poor situation with occasional or 
sporadic exposure. The risk may materialize several 
times in the working life cycle. 

• Average: Poor situation with sporadic exposure or 
improvable with continuous or frequent exposure. 
The risk may materialize once a year. 

• Low: Situation could be improved with occasional or 
sporadic exposure. The risk is not expected to 
materialize, although it may be conceivable. 

4) Level of consequence: 
Based on the result of the probability level, the focus 

is on determining the level of consequence of the risk 
using Fig. 2. 

 

 
Figure 1. Probability level. 
Source: INSHT, 2000. 

 
Figure 2. Level of consequence. 
Source: INSHT, 2000. 

 
 
Where: 
• Mortal: One or more dead. 
• Very serious: Serious injuries that may be 

irreparable. 
• Serious: Injuries with temporary work incapacity. 
• Mild: Minor injuries that do not require 

hospitalization. 
5) Determine the level of risk: 

Based on the result obtained in figure 2, the action to be 
taken based on the level of risk of the worker's activity is 
considered: 

• Serious and imminent: Stop the activity. Correct and 
check the effectiveness of the correction. 

• High: Urgent correction and adoption of control 
measures. 

• Half: Correction and adoption of control measures. 
• Low: Improve if possible. 
• Tolerable: Satisfactory situation. 
 

2.4 Jobs descriptions 
 
Table 2 outlines the working conditions associated with 

each job position across the organization, assessing the risk 
levels of five operational areas as detailed below: 

 
Table 2. 
Description of the areas of work under study. 

Area  Description 

Operator of the collection and 
mechanical roughing area 

As this is the first process where raw water is 
captured, the operator has the task of 
frequently cleaning the bulky materials that 
are carried by the channel flow and that are 
trapped in the mechanical roughing. 
Subsequently, all the waste is transported by a 
conveyor belt to a container. 

Rapid mix process operator 

Before the chemicals are integrated into the 
treatment processes, operators are tasked with 
transporting the substances from a chemical 
storage warehouse using a forklift to a first 
mixing point, where they are conveyed via 
pipelines to the xiphoid tank and the agitator. 

Operator of the decanted 
water filtration stage 

The operator has the power to manually clean 
the decanters and filters every 15 days. These 
are also operated by control stations. 

Distribution area operator 

In this position, workers are in charge of 
controlling the operations and functionality of 
the pumps for the corresponding distribution 
of drinking water. 

Laboratory area operator 

The laboratory manager and his assistant are 
responsible for frequently measuring the 
corresponding parameters for controlling 
water quality processes. 

Source: The authors. 
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3 Results 
 

3.1 Risk identification 
 
Based on the execution of the “Check List” and the 

practical methodology for identifying working conditions in 
small and medium-sized companies of the INSHT, table 3 
details the total number of risks and safety risk factors that 
were determined in the work positions evaluated at the 
drinking water treatment plant. 

 
Table 3. 
Risk identification results. 

Cod Risks Risk factors 

10 
Person falls 

from a 
different level 

Lack of protective railings in water catchment 
areas. 
Use of stairs in poor condition. 
Railings surrounding the xiphoid tank in poor 
condition. 
Unstable railings around the decanters. 
Use of unstable railings. 
Lack of protection staircase. 

20 
Fall of people 

at the same 
level 

Lack of Personal Protective Equipment for 
cleaning decanters. 
Wet floor. 
Slippery floor. 

30 

Falling objects 
due to 

collapse or 
landslides 

Mechanical roughing in deterioration. 
Forklift with lack of maintenance 
Unstable stacked sacks. 
Lack of selective shelving 
Use of improvised structures for cleaning 
decanters. 
Use of a ladder with imperfections. 

40 
Falling objects 

during 
handling 

Incorrect handling of the forklift. 

50 
Falling 

detached 
objects 

Use of inappropriate tools for cleaning decanters. 

Lack of maintenance to railings and stairs. 

60 Stepping on 
objects 

Presence of objects in the mechanical grinding 
circulation routes. 
Presence of unnecessary materials on the 
decanter circulation paths. 
Presence of objects on the circulation routes of 
the distribution area. 

70 

Collisions 
with 

stationary 
objects 

Lack of signage in the roughing area. 
Signs in poor condition during the rapid mixing 
process. 
Lack of signage in the distribution area. 
Slippery floor. 
Small workplace space. 

80 
Collisions 
with moving 
objects 

Loss of control of the forklift. 

90 
Bumps/cuts 
from objects 

or tools 

Lack of protective elements in mechanical 
grinding. 
Handling of rakes for bulky materials trapped in 
the grates. 
Handling obsolete tools. 
Lack of maintenance at the decanter control 
stations. 
Use of inappropriate materials. 
Poor labeling of some materials and substances. 

100 
Projection of 
fragments or 

particles 

Conveyor belt without protective elements. 
Elements of obsolete checkpoints. 
Lack of protection in the pump area. 

110 Handling of the conveyor belt. 
Lack of signage during the rapid mixing process. 

Entrapment by 
or between 

objects 

Improvisation of tools for operator mobility on 
decanters. 

120 

Entrapment 
due to 

overturning 
machines or 

vehicles 

Forklift trapped between bags. 

130 Overexertion Manual handling of some bags. 

161 
Direct 

electrical 
contacts 

Electrical connection in the distribution area with 
lack of maintenance. 

162 
Indirect 

electrical 
contacts 

Inadequate electrical system for mechanical 
roughing. 
Electrical system with lack of maintenance at the 
control stations. 
Electrocution due to the presence of water near 
the electrical connections of the pumps. 
Handling of electrical equipment. 

170 

Exposure to 
harmful or 

toxic 
substances 

Lack of special masks. 

Frequent use of chemical reagents. 

180 

Contact with 
caustic and/or 

corrosive 
substances 

Use of chemical substances for the analysis of 
water parameters. 

200 Explosions Alteration of pump operation. 
Use of flammable substances. 

211 Fires. Starting 
factors 

Contact of the electrical system with drinking 
water. 
Incorrect handling of electrical equipment. 
Incorrect handling of flammable substances. 

212 Fires. Spread Presence of drinking water near electrical 
systems. 

214 Fires. 
Evacuation Signs in poor condition. 

220 
Accidents 
caused by 

living beings 

Bite or sting from an animal that is carried by the 
current into the catchment area. 

230 
Vehicle 

collisions or 
hits 

Lack of pedestrian traffic routes in the area 
where the forklift operates. 

Source: The authors.  
 
 
Given the results obtained from the identification of risks 

in the water treatment plant, Fig. 3 shows the risks that had 
the greatest impact on the tasks performed by the workers. 
Where: falls of a person from different levels; falling objects 
due to collapse or landslides and blows/cuts from objects or 
tools, obtained a 10% higher frequency than the other risks. 

 
3.2 Risk assessment 

 
The assessment of safety risks at the drinking water 

treatment plant showed that the highest incidence of risks 
occurred in the distribution area, categorizing the risk levels 
into “serious and imminent”, “high” and “medium”, showing 
a total of 15 risk levels, as shown in Fig. 4. 

Fig. 5 shows the general results of the safety risk 
assessment at the drinking water treatment plant, showing 
that the most representative level was “high” with 48.28% 
incidence, leading to the need for “urgent corrections and 
adoption of control measures”. It is important to note that 
tolerable levels were not obtained in this investigation. 
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Figure 3. Results of the identification of safety risks at the drinking water treatment plant. 
Source: The authors. 

 

 
Figure 4. Results of the security risk levels in the evaluated jobs. 
Source: The authors. 
 
 

 
Figure 5. Overall result of safety risk levels at the water treatment plant. 
Source: The authors.
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4 Discussion 
 
The results of this study identified the most common risks 

as “person falling from a different level”, “objects falling 
from a collapse or landslide” and “blows/cuts from objects or 
tools”. These risks are common in companies of this nature 
due to the structural and operational form of their processes 
[17]. In particular, the risk of falling from a different level is 
intrinsically related to other types of risks, due to the chain of 
events that this type of accident can trigger [18]. Previous 
studies have determined that falls from a height represent up 
to 50% of occupational risks in various companies [19], 
which corroborates the relevance of these findings in the 
context of the evaluated water treatment plant. 

The distribution area stood out as the zone with the 
highest incidence of risks. This situation is associated with 
the dependence on pumps, whose maintenance and operation 
involve multiple risk factors that affect not only the physical 
safety of workers, but also their overall health, influencing 
occupational diseases, fatigue and job dissatisfaction [20]. 
This combination of physical and psychosocial risks 
emphasizes the importance of comprehensive safety 
management in industrial environments. 

In terms of assessment, the “high” risk level was the most 
representative, covering 48.28% of the assessed working 
conditions. This classification highlights the need to 
implement “urgent corrections and adoption of control 
measures”, measures aimed at the3 elimination, reduction or 
mitigation of the identified risks [14,15,21]. The application 
of these corrective actions not only positively impacts the 
quality of working life of workers, but also strengthens the 
institutional image and competitiveness of companies 
through effective preventive management models [22]. 

In general terms, the application of the NTP 330 method 
revealed that the high incidence of risks associated with falls 
from different levels and falling objects is closely linked to 
the operational characteristics of the evaluated plant [23]. 
Maintenance activities involving pumps, valves, and 
pipelines require continuous movement across platforms and 
metal structures which, due to frequent moisture exposure, 
substantially increase the likelihood of severe accidents [24]. 
The identification of 58 hazards reflects not only the inherent 
complexity of the production process but also the inadequacy 
of the preventive controls currently in place. 

These findings are consistent with previous studies 
conducted in similar facilities, thereby reinforcing the 
validity of the analysis and underscoring the urgency of 
implementing comprehensive corrective measures 
[17,23,24]. Such measures should integrate engineering 
interventions, improvements in operational infrastructure, 
and systematic training and preventive management 
programs designed to reduce both the probability and 
severity of the identified incidents [25]. 

 
5 Conclusions 

 
The findings of this study indicate that the predominant 

occupational risks identified in the evaluated drinking water 
treatment plant originate mainly from deficiencies in 
infrastructure maintenance, inadequate safety signaling, and 

the use of obsolete equipment. The distribution area emerged 
as the most critical zone due to the operational demands of 
the pump systems, which expose workers to physical hazards 
and contribute to broader impacts on their well-being, 
including fatigue, stress, and susceptibility to occupational 
illnesses. The identification of multiple high-risk conditions 
evidences the limited effectiveness of the preventive 
measures currently implemented. 

The high proportion of risks classified as “high level” 
underscores the urgent need to implement corrective actions 
and more robust control mechanisms aimed at eliminating or 
mitigating hazardous conditions. Intervention strategies 
should prioritize engineering controls, modernization of 
equipment, improvement of signage and accessibility, and 
the strengthening of maintenance and operational protocols. 
These actions are essential not only to reduce the probability 
and severity of incidents but also to establish a safer and more 
efficient operational environment. 

The application of the NTP 330 method proved 
instrumental in identifying critical areas and establishing 
intervention priorities, providing a structured and systematic 
assessment of exposure levels, control efficiency, probability 
of occurrence, and severity. In addition, this comprehensive 
approach reinforces the importance of adopting an integrated 
risk-management framework that incorporates engineering 
solutions, organizational policies, and continuous training. 
Strengthening occupational safety not only protects workers’ 
physical and mental integrity but also contributes to the long-
term sustainability of plant operations and supports progress 
toward the Sustainable Development Goals by ensuring a 
reliable and safe supply of potable water. 
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