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INTRODUCTION

Workplace accidents are still a significant global issue and have a wide
impact on the health, safety, and productivity of the workforce, including in the
health education sector. The implementation of Occupational Health and Safety
(K3) is a strategic approach in creating a safe, healthy, and productive work and
learning environment. K3 not only functions as a preventive effort against
occupational accidents and work-related diseases, but also contributes to
increasing individual motivation, compliance, and performance (Sumampouw &
Roebijoso, 2017; Sumampouw, 2024). Globally, the International Labour
Organization reports that every year there are more than 2.78 million deaths due
to occupational accidents and diseases (ILO, 2020). In the Asia Pacific region, the
number of work-related deaths reached around 1.2 million cases in the period
2000-2016 (ILO Asia Pacific, 2023). Meanwhile, in Indonesia, BPJS
Ketenagakerjaan recorded 370,747 work accident claims in 2023 (Ministry of
Manpower, Satudata, 2023). This data shows that workplace accidents are still a
serious problem that requires evidence-based interventions and systematic
approaches.

One of the environments with a high potential risk of work accidents is
the laboratory. This environment has a variety of sources of hazards, including
exposure to chemicals, biological agents, sharp tools, and electrical and heat
equipment. Research in Lebanon shows that 45% of laboratory workers have had
a work accident, with most caused by exposure to chemicals (73.7%) and
inhalation (45.4%) (Nasrallah .M., 2022). Another study reported that 25-38% of
laboratory workers were injured, while only about 40% consistently used
personal protective equipment (PPE) (Menard, 2020). Furthermore, the improper
use of PPE increases the risk of work accidents by up to 3,388 times (Sinolungan
et al., 2021). The findings confirm that behavioral factors, especially compliance
with the use of PPE, are important determinants in the prevention of work
accidents in the laboratory (Liswanti & Nugraha, 2020).

In the context of education, laboratories function as the main means of
practice-based learning involving students, lecturers, and laboratory staff. Even
though it is not production-oriented, activities in educational laboratories still
have significant potential dangers if not managed systematically (Sari I, 2020).
This risk is increasing because students are generally still in the stage of forming
competencies, experience, and work safety culture.

In Indonesia, the implementation of health education laboratories should
refer to various national standards related to occupational safety, including
infrastructure standards, laboratory K3 guidelines, and regulations on the
management of hazardous and toxic materials (B3). The implementation of the
standard includes the provision of safety facilities such as PPE, eyewash, and
safety showers, the preparation of standard operating procedures (SOPs), the
implementation of safety management systems, and the implementation of K3
training on a regular basis. However, various studies show that the
implementation of the standard is still not optimal. Problems that are often found
include inconsistencies in the use of PPE, low understanding of safety
procedures, and laboratory environmental conditions that do not fully meet
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safety standards (Andriyani & Nurhidayah, 2021). Similar findings in Malaysia
also show that the combination of low knowledge, unsafe behavior, and limited
facilities significantly increases the risk of work accidents (Rahman et al., 2018).

Various previous studies have identified factors related to the occurrence
of work accidents, including knowledge, attitudes, behaviors, compliance with
the use of PPE, and availability of facilities (Huda et al., 2021; Kusuma et al., 2024;
Runtuwarouw, 2020; Hardiyan et al., 2021). However, most studies still partially
analyze these factors, so they have not been able to explain the comprehensive
relationship between the determinants of work accidents. In this case, the Safety
Triad model proposed by Geller (2001) offers a more integrative approach by
grouping the factors that cause accidents into three main components, namely
individual factors (person), behavioral factors (behavior), and environmental
factors (environment). This model confirms that work accidents are the result of
dynamic interactions between the three components.

In the context of educational laboratories, the application of the Safety
Triad model is very relevant because it involves individuals with varying levels
of experience, safety behaviors that have not yet been fully formed, and
environmental conditions that do not necessarily meet optimal standards.
However, research that specifically examines the relationship between
behavioral and environmental factors in a Safety Triad framework in health
education laboratories is still limited, especially in Indonesia.

Based on the results of an initial survey conducted in 2024 at the
Laboratory of the Department of Medical Laboratory Technology of the Manado
Ministry of Health, it was found that there were work accidents. However, the
factors that caused the accident have not been clearly identified, whether it is
more predominantly influenced by behavioral factors or environmental factors.
This condition shows that there is an information gap that needs to be further
studied through structured and theoretical model-based research.

Therefore, this study aims to analyze factors related to the incidence of
work accidents based on the Safety Triad model in the Department of Medical
Laboratory Technology, Polytechnic of the Ministry of Health, Manado. The
results of this research are expected to make a scientific contribution to the
development of K3 studies in educational laboratories and become the basis for
the formulation of more effective policies and interventions in the prevention of
work accidents.

RESEARCH METHODS

This study uses an analytical observational quantitative design with a cross-
sectional approach, which aims to analyze the relationship between behavioral
and environmental factors and the incidence of work accidents in laboratory
students. This design was chosen because it is able to describe the relationships
between variables simultaneously in one measurement time.

The research was carried out at the Laboratory of the Department of
Medical Laboratory Technology, Polytechnic of the Ministry of Health, Manado
in the period from December 2025 to February 2026. The research population is
all level II students who have participated in practicum activities in six

223



Trisyani, Sinolungun, Sumampouw, Bolang, Sapulete

laboratories during July-December 2025 as many as 111 people. The sampling
technique uses total sampling, so that all populations that meet the inclusion
criteria are made respondents. The inclusion criteria include active students at
level II and present at the time of the research, while exclusion includes students
who are absent at the time of data collection or refuse to participate.

The research variables consisted of bound variables, namely the occurrence
of work accidents in the last six months (categorized: never/never), as well as
independent variables, namely behavioral factors (compliance with the use of
personal protective equipment/PPE) and environmental factors (availability of
K3 infrastructure). Variable measurements were carried out using a structured
questionnaire. Behavioral variables were measured through 10 question items
related to compliance with PPE use with ordinal scale and median cut-off (=47 =
good; <47 = poor). Environmental variables were measured through 10 items
related to the safety of laboratory facilities with a median cut-off (=45 = good; <45
= poor).

The research instruments included informed consent sheets, questionnaires
on respondent characteristics and work accident occurrences, questionnaires on
PPE usage behavior, and environmental safety questionnaires. All instruments
have gone through a validity test using the Pearson Product Moment correlation
with anr value of > 0.361, as well as a reliability test using Cronbach's Alpha with
a value of 0.682-0.938 which shows sufficient to very high reliability. Data was
collected through the self-administered questionnaire method after the
respondents agreed to informed consent.

Data analysis is carried out in stages. Univariate analysis was used to
describe the frequency distribution of respondent characteristics and research
variables. Bivariate analysis used the Chi-Square test to test the relationship
between independent and dependent variables, with a significance level of
p<0.05. The magnitude of the risk is measured using the Prevalence Ratio (PR).
Furthermore, multivariate analysis was carried out using multiple logistics
regression to identify the most dominant variables affecting the incidence of
work accidents.

The entire data analysis process is carried out using statistical software,
with processing stages including editing, coding, entry, and cleaning data before
the analysis is carried out

RESEARCH RESULTS
1. Characteristics of Research Respondents
The characteristics of the respondents in this study are presented as
descriptive information that includes several aspects of the age and gender of the
respondents seen in Table 2.
Table 2. Distribution of Respondents by Age and Gender

Age N (>.=111) % ((>=100)
18 Years 25 22.5
19 Years 60 541
20 Years 19 17.1
21 Years 2 1.8
22 Years 2 1.8
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23 Years 2 1.8
25 Years 1 0.9
Gender n %
Male - Male 17 15.3
Women 94 84.7

Table 2. shows the distribution of respondents by age group and gender.
The majority of respondents were at the age of 19, namely 60 people (54.1%), and
the majority were female as many as 94 people (84.7%).
2. Univariate Analysis

The results of the univariate analysis describe the distribution of
respondents based on the following categories:

Table 3. Distribution of respondents based on research variables

Research variables n % Valid %
Behavioral Factors Less good 49 44,1 441
Good 62 55,9 55,9
Total 111 100,0 100,0
Environmental Less good 50 45,0 45,0
Factors Good 61 55,0 55,0
Total 111 100,0 100,0
Work Accidents Never 74 66,7 66,7
Ever 37 33,3 33,3
Total 111 100,0 100,0

Table 3 shows that the dominant respondents were well-informed (53.2%),
well-behaved (59.5%), compliant with the use of PPE (55.9%) and the availability
of good K3 facilities (55.0%) and had never experienced work accidents (66.7%).
Furthermore, the distribution of respondents was explained based on the type of
work accident that had been experienced. This can be seen in Table 4.

Table 4. Distribution of Respondents by Type of Work Accident

Types of Work Accidents n (37) %
Exposed to chemical spills 5 13,5
Inhalation of chemicals 19 51,4
Shortness of breath due to inhaling chemicals 3 8,1
Splashing chemicals on the skin/eyes 6 16,2
Irritation of the skin/eyes due to chemicals 4 10,8
Fire burns 1 2,7
Electrocution 9 24,3
Slipped 11 29,7
Injuries due to sharp tools/needle punctures 7 18,9

The table above shows that the most common types of work accidents
experienced by respondents were chemical inhalation (51.4%), followed by
slipping (29.7%) and electrocution (24.3%). In addition, there were injuries due
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to sharp or needle (18.9%) as well as chemical splashes on the skin or eyes
(16.2%). Other types of accidents have a smaller proportion, and no cases of burns
due to chemicals have been found.
3. Bivariate Analysis
The results of the bivariate analysis can be seen in the following table.
Table 5. Results of bivariate analysis

Work Accidents Total p-value (955:{(:1)
Never Ever
Behavioral Less good 27 22 49 0.036* 1,4
Factors  Good 47 15 62 (1,174-1,880)
Total 74 37 111
Environmen Less good 27 23 50 0.018* 1,4
tal Factors Good 47 14 61 (1,155-1,791)
Total 74 37 111

The results of this analysis show that the variables of compliance with the
use of PPE (0.036) and the availability of K3 facilities (0.018) are significantly
related to work accidents where the compliance of PPE users and the availability
of poor K3 facilities are 1.4x more likely to have experienced accidents.

DISCUSSION
1. The relationship between behavioral factors and Accidents in the Laboratory

The results showed that behavioral factors (compliance with the use of
PPE) had a significant relationship with the incidence of work accidents (p=0.036;
PR=1.4), where respondents with low compliance have a greater risk of accidents.
This shows that the behavior of using PPE is an important factor in preventing
work accidents.

In the framework of the Safety Triad, compliance with the use of PPE is
included in the behavior factor, which is real actions that are directly related to the
risk of accidents. These findings are consistent with the research of
Runtuwarouw (2020) and Amanah and Utama (2024) which show a significant
relationship between PPE compliance and work accidents.

Behavior is an individual's response or reaction to a stimulus received
both from the outside and from within the individual. (Pakpahan M, 2021).
According to Wawan and Dewi (2017), the form of behavior/response can be
passive (without action) or active (taking action), the two behaviors/responses
can be explained as follows:

a. Passive behavior/response. This behavior is often referred to as covert
behavior. In this closed behavior, the response to stimuli is still limited to
attention, perception, knowledge and attitude towards objects. This
response or behavior can be clearly observed by others, because no action
has been taken against the object.

b. Active behavior/response. This behavior is often referred to as overt
behavior. Open behavior is an individual response in the form of real
actions that can be clearly seen by others.
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Factors that can affect behavior, namely internal factors and external factors of
the individual. Internal factors are individual characteristics and other things
that are innate, for example; level of intelligence, emotional level, gender, etc.
Meanwhile, external factors are physical, social, cultural, economic, political,
etc. (Notoatmodjo, 2014; Sarwono, 2004).

Safety behavior is an action or deed carried out by a person in an effort to
comply, support, and participate in all activities related to safety in the workplace
to avoid, minimize the possibility or prevent the occurrence of accidents at work.
Definitions and definitions of safety behavior from several book sources:

a. Safety behavior is an individual's action in complying with occupational
safety procedures and participating in safety activities to prevent work
accidents (Kim & Park, 2021).

b. Safety behavior is a worker behavior that aims to maintain the safety of
oneself and others through the implementation of safe work measures
(Curcuruto et al., 2020).

c. Neal and Griffin (2020) explained that safety behavior consists of two main
dimensions, namely compliance with safety procedures and participation
in safety activities.

d. Safety behavior is a form of safe work behavior carried out by individuals
to reduce the risk of injuries and accidents in the work environment (Wu
etal., 2021).

According to Andi, Alifen, and Chandra (2005), some examples of forms of
occupational safety behavior in the work environment include the following;:
Always use work safety equipment (PPE).
Put materials and work equipment in place.
Work follows work safety procedures.
Follow work according to the orders of the superior.
Remind other employees of the dangers in occupational safety
Interpretively, these results confirm that behavior is a proximal
determinant of work accidents. This means that even if the individual has a good
enough knowledge and attitude, without appropriate behavior, the risk of
accidents remains high.

However, PPE compliance is not only affected by individuals, but also by
systemic factors such as PPE availability, convenience, tool quality, and
supervision. Field findings show that there is inconsistent use of PPE, such as the
use of non-optimal masks or the quality of PPE.

The novelty of this research lies in the affirmation that safety behavior is
the result of interaction between individual and environmental factors.
Therefore, interventions are not enough to simply improve compliance, but must
ensure systems that support those behaviors.

The practical implication is the need for institutional policies that ensure
the standardization of PPE, strict supervision, and the enforcement of discipline
in the use of PPE in practicum activities.

oo o
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2. The Relationship between Environmental Factors and Accidents in the
Laboratory

The results showed that the availability of K3 facilities had a significant
relationship with the incidence of work accidents (p=0.018; PR=1.4). Respondents
who are in an environment with inadequate K3 facilities have a higher risk of
accidents.

From the perspective of Safety Triad, the availability of facilities is part of
the environmental factors that play a role in creating safe working conditions.
These findings are in line with the research of Hardiyan et al. (2021) and Andi
RAR et al. (2022).

More in-depth, these results show that the work environment has a role as
an enabler and barrier to safety. Facilities such as PPE, fire extinguishers, P3K,
ventilation, and laboratory security systems function as a layer of protection
against risks.

However, the existence of facilities alone is not enough without optimal
utilization. Therefore, the relationship between the facility and the accident is
indirect, but through user behavior.

The availability of facilities is a very important environmental factor in
supporting work safety. The facilities in question include the availability of PPE,
safety equipment, and other supporting facilities in the workplace.

The International Labour Organization (2019) states that the availability of
adequate occupational safety facilities can help reduce the risk of work accidents,
as well as quick handling when incidents occur in the workplace. A work
environment equipped with good safety facilities can improve safety as well as
minimize the impact of work accidents.

The novelty of this research lies in the affirmation of the importance of
standardization of health education laboratories in Indonesia, where K3 facilities
must not only be available, but also meet quality, accessibility, and functionality
standards. Implication, educational institutions need to ensure that laboratories
meet national K3 standards, including the provision of complete safety facilities,
periodic maintenance, and integration with safety management systems.

3. Implications

Work accidents in health education laboratories are still a serious issue
that requires immediate policy attention. The results of research at the
Department of Medical Laboratory Technology of the Manado Ministry of
Health showed that 33.3% of students had experienced work accidents, with the
most dominant type of incident being in the form of exposure to chemicals
through inhalation. These findings show that risks in the laboratory are not only
potential, but have been real in the learning process. Although most students
have good knowledge and attitudes regarding occupational safety, these two
factors have been shown to be not significantly related to the occurrence of
accidents. This confirms that the safety approach that has been focusing on
improving knowledge and attitudes has not been effective enough in reducing
the risk of accidents in educational laboratories.

These findings indicate that occupational safety in the laboratory is
determined more by system and environmental conditions than by individual
factors. In other words, students who have good knowledge and attitudes are
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still at risk of accidents if they are not supported by adequate facilities and a
strong supervision system. This condition reinforces the urgency of shifting the
approach from individual-based safety to system-based safety management,
where safety is built through integration between infrastructure, regulation,
supervision, and safety culture.

Based on these findings, a strategic policy is needed that focuses on
strengthening the overall health education laboratory safety system. The top
priority is to ensure the standardization of laboratory facilities according to the
principles of K3, including the provision of adequate and uniform PPE, safety
facilities (fire extinguishers, P3K, ventilation, and security systems), and periodic
safety audits. In addition, it is necessary to implement a mandatory compliance
policy for the use of PPE (no PPE, no lab access) supported by active supervision
by lecturers and laboratory staff. This effort must be strengthened by building a
safety culture through the integration of safety in the curriculum and learning
practices. Thus, investment in laboratory safety systems will not only reduce the
incidence of work accidents, but also improve the quality of education and
produce health workers who have strong occupational safety competencies from
the education stage.

CONCLUSION

The findings of this study confirm that work accidents in educational
laboratories are not just a potential risk, but real events (33.3%) which are
significantly influenced by low compliance with the use of PPE and limited K3
facilities (p<0.05; PR=1,4) . This reinforces that the main determinant of safety is
no longer knowledge or attitude, but actual behavior and quality of the
environmental system, so that accidents are more accurately understood as
system failures within the framework of the Safety Triad. Implicitly, a paradigm
shift from individual-based safety to an integrated system-based safety management
is needed , through the global standardization of international best practice-
based health education laboratories (ILO/WHO), the implementation of
mandatory PPE policies (no PPE, no lab access), periodic safety audits, as well as
the integration of safety culture in the curriculum. This approach is not only
relevant in the local context, but also a global agenda in strengthening the safety
of health workers from the education phase as part of the health system
resilience.
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